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INTRODUCTION 


The sorghums now occupy an important place among American 
farm crops. They have been found well adapted to the southern 
half of the Great Plains area, which includes the western portions 
of Kansas, Oklahoma, and Texas and the eastern portions of Colorado 
and New Mexico, where crop production is very largely governed 
by the quantity and distribution of the annual rainfall. In this sec- 
tion, under the conditions of low annual precipitation and its uneven 


1 The preparation of the manuscript of this bulletin was finished by the writers on August 31, 1923, 
but publication has been unavoidably delayed. 

The senior writer is specially indebted to Director F. B. Mumford, of the Missouri Agricultural Ex- 
periment Station, for his courtesy in permitting the use ofthe data obtained at that station in this bulletin. 
Special acknowledgments are due to Charles R. Hursh, Fred N. Briggs, Charles H. Philpott, and Miss 
Jessie A. Cline for assistance in the investigations at the Missouri Agricultural Experiment Station, 
and to Ivan A. White and Charles O. Johnston for assistance at the Kansas Agricultural Experiment 
Station. Alden A. Potter, then assistant pathologist in the Office of Cereal Investigations, conducted 
the experiments at Amarillo, Tex.,from 1916 to 1918 and also assisted the junior writer at Manhattan, 
Kans.; inthe same years. Miss Marion A. Griffiths gave valuable aid at Arlington Experiment Farm 
in 1919 and 1920, and Miss Naomi Howells assisted in theinvestigations at Brooklynin1921. The writers 
also are greatly indebted to John F. Ross, formerly superintendent of the Cereal Field Station, Amarillo, 
‘Tex., for sowing and caring for the experimental plats at that station. 

This is paper No. 206 ofthe Department of Botany and Plant Pathology, Kansas Agricultural Experi- 
ment Station, and also Brooklyn Botanic Garden Contribution No. 33 . 
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distribution, the sorghums are able to produce larger yields and with 
greater certainty than corn, wheat, and other crops. Consequently, 
the total acreage devoted to sorghums has greatly increased during 
the last few years. In 1903 approximately 2,000,000 acres were sown 
to this crop, and in 1918 more than 6,000,000 acres. The acreage 
in 1919 showed a decrease from that of 1918, yet more than 5,000,000 
acres were grown (100).2— The estimated area in grain sorghums in 
1922 was 5,057,000 acres. 

The sorghums have long been under cultivation in various parts of 
the Old World, and their great diversity is no doubt due to their 
utilization by man in widely separated regions. In India (68) sor- 

hums occupy third place among cultivated crops, covering an area 
of 21,000,000 acres. In the Bombay Presidency the crop ranks first, 
more than 8,000,000 acres being grown annually, constituting more 
than one-third of the area devoted to the cultivation of grains. In 
parts of northern China (5) the kaoliangs constitute the chief crop of 
the inhabitants. The kafirs, sorgos, and durras are extensively cul- 
tivated in various sections of Africa. Broomcorn is an important 
agricultural product of Italy and Hungary. 7 

The sorghums are regarded as having been derived from the wild 
species Holcus sorghum L. (Andropogon sorghum (L.) Brot.) (47, 87, 
118). The wild forms of the species, such as Sudan grass and Tunis 
grass, are distributed in central and southern Africa, Egypt, Mada- 
gascar, and neighboring islands. They are annual plants, without 
rootstocks, and are differentiated into a number of distinct races or 
subspecies. They readily hybridize with the cultivated sorghums. 
A closely related species 1s Holcus halepensis L. (Andropogon hale- 
pensis (L.) Brot.), which includes the perennial forms with root- 
stocks, such as Johnson grass and related forms. ‘The various races 
or subspecies are widely distributed in southern Europe, northern 
Africa, and western Asia. Hybrids between Johnson grass and the 
sorghums have rarely been observed, and attempts to cross them 
artificially are only occasionally successful. 

Sorghums, like other crops which are extensively cultivated, are 
subject to many diseases. The sorghum smuts, however, are gener- 
ally recognized as the most destructive diseases of sorghum, and 
much attention has been given to them in order to determine their 
life histories and methods of controlling them. 


-SMUTS ATTACKING SORGHUMS 


The primary purpose of the investigations described in this bulletin 
was the determination of the behavior of the different varieties of 
cultivated sorghums with reference to their susceptibility or resist- 
ance to the covered kernel smut, Sphacelotheca sorghi (Link) Clinton, 
and the head smut, Sorosporium reilianum (Kihn) McAlpine. No 
extensive studies of this nature have been conducted, although 
mention has frequently been made of the occurrence of smut on 
broomcorn, sorgos, kafirs, durras, and kaoliangs. The absence of 
smut on milo and feterita has been noted frequently. If certain 
sorghums, such as milo and feterita, possess a marked degree of 
resistance to the smuts, they furnish a sound basis for conducting 
breeding experiments for the improvement of sorghums by combining 


? The figures in italic within parentheses refer to the bibliography at the end of this bulletin. 
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the quality of smut resistance with desirable agronomic characters. 
Although covered kernel smut can be controlled by seed treatment, 
the methods .involve considerable labor and expense. Head smut 
can not be controlled by seed treatment, but development of resistant 
varieties offers a possible solution of the problems presented. 


COVERED KERNEL SMUT 


The covered kernel smut, Sphacelotheca sorgha (Link) Clinton, was 
first described in 1825 from a specimen collected in Egypt by Link 
(68, p. 86), who called it Sorisporium sorght. In 1846 Tulasne (112) 
transferred the fungus to the genus Tilletia as Tilletia sorghi-vulgaris 
Tul. Passerini (82) in 1873 described the same fungus under the 
name Ustilago sorghi Pass. Kiihn (60) in 1874 determined from a 
study of the germination of the spores that the fungus properly 
belonged in the genus Ustilago instead of Tilletia and apeladt the 
name Ustilago ae Kihn. Brefeld (13, p. 31-33) seems to have 
regarded U. sorghi Pass., and U. tulasner Kiihn as two different 
species, but this distinction has not been accepted generally. Clinton 
(22) in 1897, from a study of its mode of spore formation, transferred 
it to Cintractia as Cintractia sorghi-vulgaris (Tul.) Clinton, but in 
1902 he (24) concluded that the fungus belonged more properly in 
a genus Sphacelotheca and named it Sphacelotheca sorgha (Link) 

inton. 

The covered kernel smut unquestionably is the most widely dis- 
tributed and destructive smut which attacks the sorghums and is 
probably to be found wherever sorghums are grown. Barber (8), 
Kulkarni (63), and Butler (21) record its prevalence in various parts 
of India. It is a destructive disease in Madras Presidency, Bombay 
Presidency, the Central Provinces, and Burma and also is present 
in the northern parts of India, as in Dehra Dun. Kulkarni states 
that this smut is much more prevalent in the varieties of the kharif 
crop than in those of the rabi crop. The kharif varieties constitute 
the monsoon crop, which is sown in June and July and harvested in 
October and November. It is grown during the wet season and 
consists largely of varieties of durra. The rabi, or winter crop, is sown 
in September and October and harvested in February and March. 
The rabi crop seems to consist very largely of varieties of shallu. 

Ball (4) states that practically all seed lots of Chinese kaoliangs 
imported into the United States were contaminated with the spores 
of this smut, indicating its general prevalence in those parts of 
China where kaoliangs are grown. Thomas (109) and Bubak (17) 
have noted its occurrence in Mesopotamia, Briton-Jones (/4) in 
Egypt, Busse (20) in Tanganyika Territory (formerly German. Kast 
Africa), Snowden (/05) in Uganda, Patouillard (84, 85) in Tunis, 
Evans (36) in South Africa, especially on kafirs, McAlpine (70) in 
Australia on broomcorn, Amber sorgo, and another sweet sorghum, 
and Hauman-Merck (44) and Hauman and Parodi (45) in Argentina. 
It has been commonly mentioned in published lists of smuts in 
Europe, as by Winter (120) in Germany, Schroeter (104) in Silesia, 
Lind (66) in Denmark, Lindau (67) in the mark of Brandenburg, 
Potebnia (88) in Russia, Bubak (18) in Bohemia, Malkoff (72) in Bul 

aria, Prillieux (93) in France, Fragoso ($9) in Spain, and Turconi 
. (113) in Italy. 
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The first record of the occurrence of this smut in the United States 
was made in 1888 by Burrill (19), who noted the appearance of the 
smut in Ilhnois on broomcorn and sorghum. Webber (119) recorded 
it on “millo maize” from Nebraska in 1889, and in 1890 Failyer and 
Willard (38) recorded it on several imported varieties of sorghum 

own for the first time at the Kansas Agricultural Experiment 

tation. Kellerman and Swingle (58) in 1890 gave a more com- 
plete account of the first occurrence of the smut in Kansas, stating 
that several of the sorghum varieties had been obtained through the 
United States consul at Calcutta, India, while others had been 
imported from Africa. In 1906 Clinton (26) recorded its occurrence 
a a States, as well as in Ontario, Canada, and in Jamaica and 
uba. 

Covered kernel smut was recognized by Clinton (22) as an impor- 
tant disease of broomcorn in Illinois, and Giissow (43) called atten- 
tion to its destructiveness on the same crop in Canada. It is par-: 
ticularly prevalent, however, in the sorghum belt of the southern 
Great Plains area, attacking sorgo, broomcorn, kafir, durra, kaoliang, 
Sudan grass, etc. 

Doubtless most of the damage caused by the sorghum smuts is 
due to the covered kernel smut. Kulkarni (63) estimated that the 
damage to the sorghum crop in the Bombay Presidency is 10 per 
cent, amounting annually to about £1,350,000. Melchers (73) has 
estimated that the annual loss to kafir, broomcorn, and other sor- 
ghums in Kansas is at least $400,000. Probably the annual loss in 
the entire United States amounts to $3,000,000. The amount of 
damage varies greatly in different localities and in different seasons. 
It is not uncommon to find from 30 to 40 per cent of infection in 
some fields. Ordinarily, however, the percentage of infected plants 
is much smaller, and many fields may be entirely free from smut. 

The damage is due to the destruction ofthe grain. The loss is 
complete in the sorghums used for grain only, and the value of sor- 
ehums used for forage is greatly decreased when the grain is destroyed, 
as smutted plants have only about half the feeding value of normal 
plants. Smutted broomcorn plants generally are a total loss, because 
the brush usually is of inferior quality, and the plants frequently 
have an excessive development of the thickened central axis and 
branches of unequal length. The smut spores also may be scattered 
open good brush in harvesting, discoloring it and thus lessening its 
value. 

Sphacelotheca sorghi is atypical kernel smut, the individual ovaries 
of the flowers being involved and converted into false kernels or smut 
balls. (Pl. I). Usually all the ovaries are transformed into the smut 
balls, but it is not uncommon to find normal kernels produced on 
infected heads. An infected sorghum plant is quite normal in size 
and general appearance, and the presence of the disease can be recog- 
nized only when the head emerges from the sheath.. The glumes 
surrounding the flowers are essentially unchanged, retaining their 
normal size and color, although sometimes they have a purplish tinge. 

The size of the smut balls varies considerably in different varieties. 
In some cases they remain small and concealed by the glumes. 
Usually, however, the ovary is greatly hypertrophied, giving rise 
to a conical or cylindrical structure 3 to 12 millimeters in length 
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and 2 to 4 millimeters in diameter (Pls. Il and III). The wall of this 
structure consists of a rather thick grayish brown membrane, com- 
posed mainly of hyaline, oblong to subspherical fungous cells 7 to 9 
win diameter. ‘The wall incloses the smut spores which fill the interior 
and surround the central columella, consisting mainly of the rem- 
nants of fibrovascular bundles. The membrane breaks more or 
less irregularly when mechanically injured and allows the spores 
to escape. This commonly takes place in threshing operations and 
results in the contamination of the grain. 

The spores, morphologically chlamydospores, are spherical or 
subspherical, rather thick walled, smooth, and 5 to 9 uw in diameter, 
averaging about 6 wu. In mass the spores are dark brown, but singly 
they are olive brown in color. They may retain their viability for a 
long period. , 

The germination of the spores has been described by Brefeld (12), 
Norton (80), Clinton (22), Kulkarni (63), Butler (21), and others. 
They germinate readily in water and in one type of germination give 
rise to a typical promycelium of three to four cells, which buds off 
sporidia laterally and from the apex. The sporidia are spindle 
shaped, 10 to 12.5 by 2 to3 u. Clamp connections and buckle joints 
occur. In the other type of germination the spore does not give rise 
to a typical promycelium, but a branching germ tube arises from the 
spore. Various intermediate types may occur. In various nutrient 
solutions a more vigorous germination takes place, giving rise to 
typical promycelia with sporidia, and the latter multiply rapidly by a 
process of budding. 

Clinton (22) was one of the first investigators to demonstrate the 
probability of seedling infection by means of seed-borne spores. He 
planted inoculated seed as well as seed from a smutted crop and 
obtained a relatively high percentage of smutted plants. He also 
inoculated seedlings before they emerged from the soil and obtained 
a slight amount of infection. Kellerman (52, 54) imoculated sorgo 
and broomcorn seed with spores obtained from sorgo and obtained 
about 19 per cent of infection in the sorgo and 49 per cent in broom- 
corn. ‘The significance of seed-borne spores in the development of 
covered Letnel smut is amply proved by the work of Kulkarni (63) 
and others. Infection appears to occur between the time of the ger- 
mination of the seed and the appearance of the young seedlings above 
ground. The germ tubes which develop either from the promy- 
celium or the sporidia penetrate the young shoot of the host and give 
rise to the mycelium in the growing plant. Reed (97) abstracted 
the data presented in this bulletin. He discussed briefly the relative 
resistance of the various groups of sorghums to the covered and loose- 
kernel smuts, reviewed the literature dealing with these smuts, and 
gave descriptions of Sphacelotheca sorght and Sphacelotheca cruenta 
as contained_herein. fe also presented data for 1922, showing the 
resistance of sorghums to these smuts at the Brooklyn Botanic 
Garden during that year. 


LOOSE KERNEL SMUT 
The loose kernel smut (Sphacelotheca cruenta (Kiihn) Potter) was 


first described in 1872 by Kithn (59) and named by him Ustilago 
cruenta Kiihn. Winter (120) recorded it in Germany, Schroeter (104) 
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in Silesia, Bubaék (18) in Bohemia, and Busse (20) in Tanganyika 
Territory (formerly German East Africa). Kulkarni (63) records 
it in the Sholapur district of the Bombay Presidency, and Butler (2/7) 
notes it in the Central Provinces of India. According to Potter (91) 
it has been introduced into the United States on seeds of kaoliangs 
from various parts of China, and this would indicate its more or less 
widespread distribution in that country. Its presence in Australia 
or South Africa has not been noted. According to Potter (91), who 
cleared up the confusion between this species and S. sorght due to 
Kiihn’s vague description and definitely established its occurrence in 
the United States, it was collected by Trelease (111) in Madison, Wis., 
on plants grown from imported Chinese seed but was incorrectly 
reported as S. sorghi. According to Trelease, it was also collected in 
the same year by Farlow in the District of Columbia and by Sturte- 
vant in New York. 

No definite records are available concerning the extent to which 
Sphacelotheca cruenta causes damage. Kulkarni (63) does not regard 
it as particularly significant in India, especially as compared with the 
covered kernel smut. In the United States it seems to occur only 
sporadically and does not cause any appreciable damage. 

Infected plants are usually more or less stunted, and the heads 
emerge earlier than those of normal plants. Usually all the spikelets 
are smutted, although a few may escape and be transformed into leafy 
structures. The glumes are usually enlarged and changed to a deep- 
green or purple color. The sori may be produced also on the pedicels 
or other parts of the panicle and occasionally occur on the stalk as 
well as in the flowers. The presence of these extra-floral sori was 
early emphasized as one of the distinguishing characteristics of the 
species (Pl. IV). 

The ovaries are transformed into smut balls or false kernels, which 
are 3 to 18 millimeters long and 2 to 4 millimeters in diameter. The 
outer membrane is much thinner and more fragile than in the case 
of the covered smut and is composed largely of more or less spherical 
cells about 12 1 in diameter. The membrane incloses the spores, and 
in the center of the smut ball is the columella, which frequently is 
curved and is longer than that of Sphacelotheca sorghi (Pls. V, VI, 
and VII). 

It is difficult to distinguish between the spores of the two kernel 
smuts. Those of the loose smut apparently are slightly larger, 5 to 
10 », somewhat irregular in shape, and show a slight indication of 
pitting of the wall. 

The germination of the spores has been studied by Brefeld (10), 
Busse (20), Kulkarni (63), and Butler (21). Germination takes 
as readily in water and nutrient solutions. <A three-celled or 

our-celled promycelium is produced which buds off sporidia sparingly 
in water but abundantly in nutrient solutions. 

Brefeld (17) demonstrated that infection occurs in the seedling 
stage, the spores present on the seed constituting the main if not the 
only source of Sf ES The subsequent life history is the same as 
in the case of covered kernel smut. 

Potter (91) has recorded some results of inoculation experiments 
with loose kernel smut. He inoculated six different varieties of 
sorghum and obtained the following results: Milo, no infection; 
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Amber sorgo, 10.9 per cent; kafir, 13.8 per cent; broomcorn, 6.9 per 
cent; kaoliang, 10.3 per cent; and Freed sorghum, 5 per cent infection. 
Reed (97) also has made further studies of the resistance of varieties. 


HEAD SMUT 


Kihn * in 1875 first described the head smut of sorghum, Sorospo- 
rium reilianum (Kithn) McAlpine, from a specimen which Reil sent 
to him from Egyptin 1868, naming it Ustilago reilianu Kithn. In the 
studies made by Clinton (22) in 1897 the smut was transferred to the 
genus Cintractia as Cintractia reiliana (Kithn) Clinton. Later Clin- 
ton (24) transferred it to the genus Sphacelotheca as Sphacelotheca 
reiliana (Kiihn) Clinton. Norton (SO) in 1898 noted the fact that 
the spores showed a tendency to cling together in spore balls, thus 
resembling a Sorosporium. McAlpine (70) emphasized this charac- 
teristic and transferred the fungus to the genus Sorosporium as 
Sorosporwm reilianum (Kihn) McAlpine. 

Head smut is particularly interesting, because it occurs on two dis- 
tinct genera, Holcus and Zea, and is rather widely distributed on both 
hosts. On sorghum, Barber (S) has given its distribution in Madras 
Presidency, and Kulkarni (63) states that it occurs sporadically in the 
Bombay Ppecinlonay: Butler (21) records it in the Punjab, United 
Provinces, and Central Provinces, as well as the Bombay and Madras 
Presidencies; it is not known in eastern India. Hori (49) records its 
occurrence in Japan. Busse (20) reports it in Tanganyika Territory; 
Hennings (46) lists it in northern Africa, Hast Africa, and Madagascar; 
Snowden (1/05) in Uganda; and Briton-Jones (14) in Egypt. Hauman- 
Merck (44) states thatitis very rarein Argentina. It has frequently 
been collected in Europe. Winter (120) records it in Germany, 
Prillieux (93) in France (mentioned under the name Ustilago destruens), 
Bubak (8) in Bohemia, Turconi (113) in Italy, Munerati (78) in Italy 
on Holcus halepensis, Fragoso (59) m Spain, Malkoff (72) in Bulgaria 
on H. halepensis, and Ranojevic (94) in Serbia on H. halepensis. 

The first record of its occurrence on sorghum in the United States 
was made by Failyer and Willard (38) on Red Liberian sorgo in 
Kansas.* Kellerman and Swingle (8) mention the collection of the 
smut on Amber sorgo in New Jersey by Prof. B. D. Halsted in the 
same year. Tracy and Earle (10) reported it from Mississippi. 
Prof.S. M. Tracy collected specimens on sorghum in November, 1888, 
at Starkville, Miss., labeling them Cintractia sorght. Of three speci- 
mens at the New York Botanical Garden two are typical of Sorospo- 
rium reilianum. The third shows the head only partially infected, 
some branches of the panicle appearing more or less distinct. The 
spores, however, are typical of the species. Dr. B. M. Duggar® col- 
lected a specimen in Alabama in 1892. According to Clinton (26) it 
has been collected in Illinois, lowa, Kansas, Minnesota, Mississippi, 
Nebraska, New Jersey, Ohio, and Texas. Apparently it is not very 
abundant but occurs sporadically, especially in the Great Plains area, 
where it is frequently found on Red Amber sorgo. Recently Mackie 


3 Ustilago reiliana Ktihn. Jn Rabenhorst, Fungi Europaei Exsiccati, ed. nova, s. 2, cent. 20, no. 1998. 
1875 


oO. 
pee ens of the original collection are in the mycological herbarium of the Kansas State Agricultural 
ollege. 
5 This specimen is in the mycological herbarium of the Brooklyn Botanic Garden. 
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(71) found it in a volunteer crop of Orange sorgo at Davis, Calif., 15 
per cent of the plants being infected. During the last few years head 
smut has become somewhat prevalent in Red Amber sorgo at the 
Hays (Kans.) Branch Experiment Station, and this has reduced the 
value and popularity of this variety. Freed sorghum also has been 
infected with head smut to a considerable extent. 

The first report of the occurrence of head smut on maize was made 
in 1876 by Cooke (27), who collected it in India and listed it under 
the name of Ustilago pulveracea Cooke. Passerini * in the same year 
described the form on maize in Italy as Ustilago reiliana f. zeae. 
Cugini (28) and Mottareale (75) also have described its occurrence 
in Italy, Bubak (18) records it in Bohemia, Garbowski (42) in Russia, 
and Butler (21) in India, where it occurs chiefly in Kashmir, being 
probably more destructive than Ustilago zeae. It also occurs sporad- 
ically in the Punjab and northern Bombay. Both Mundy (76, 77) 
and Evans (35) report this smut as common in South Africa, and 
McAlpine (69, 70) and Johnston (50, 51) record it as common and 
destructive in Australia. 

The first record of its occurrence on maize in the United States was 
made by Norton (79) in 1895.7 Norton, and later Hitchcock and 
Norton (48), described the head smut on maize as not uncommon in 
certain fields in Kansas during the season of 1895. Clinton (26) in 
1906 reported it only from Kansas and Ohio. Mackie (71) in 1919 
found this smut in a field of King Philip hybrid maize near Stockton, 
Calif. Practically all the plants in a restricted area of the field were 
smutted. Dana and Zundel (30, 31) in 1919 found this smut on 
maize in two fields in the vicinity of Pullman, Wash. In one field 
they found 40 per cent of the plants smutted. Parker (81) has noted 
its wide distribution in that State. 

The head smut on sorghum produces a very characteristic appear- 
ance. ‘The entire inflorescence usually is involved and is converted 
into a spore mass protected by a transient whitish membrane. No 
outstanding difference between smutted and normal plants can be 
noted until the heads begin to form. Then a difference in the size 
of the heads is observed, the infected panicles remaining much smaller 
than the normal. As the panicles emerge from the boot the difference 
is very striking. The spores are interspersed with the stringhke 
remnants of the fibrovascular bundles of the host tissue. When the 
membrane breaks, the spores are rapidly disseminated, the vascular 
strands remaining intact. Occasionally the fungus does not form 
spores in the affected panicles but causes an elongation and prolifera- 
tion of the spikelets (Pl. VUD. 

In maize the smut is first observed in the tassel, which sometimes is 
converted into a mass of smut; in other cases the individual flowers 
are much enlarged or deformed. Sometimes sori are not produced and 
consequently the flowers may grow out into leafy structures. The ear, 
if affected, commonly is converted into a mass of smut inclosed by the 
bracts. The rudimentary ears found on an infected plant often are 
transformed into distorted leafy structures. When the tassel is 


6 Passerini,G. Ustilagoreiliana Kiihn. Jn Rabenhorst, Fungi Europaei Exsiccati, ed. nova, s. 2, cent. 
21, no. 2096. 1876. 

? The original specimens collected by G. L. Clothier and J. B. S. Norton, July, 1895, Manhattan, Kans., 
are in the mycological herbarium of the Kansas State Agricultural College. 
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(LINK) CLINTON ON SUMAC SORGO 


SPHACELOTHECA SORGHI 


A, Sound head; B, infected head, in which the kernels are replaced by masses of smut spores 
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FiG. 1.—EARLY AND LATE STAGES ON DARSO 


FiG. 2.—EARLY AND LATE STAGES ON RED KAFIR 


SPHACELOTHECA CRUENTA (KUHN) POTTER ON DARSO 
AND KAFIR 
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PLATE VI 


FIG. |.—EARLY AND LATE STAGES ON SUMAC SORGO 


FIiG. 2.—EARLY AND LATE STAGES ON SHALLU 


SPHACELOTHECA CRUENTA (KUHN) POTTER ON SORGO 
AND SHALLU 
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FIG. 1.—EARLY AND LATE STAGES ON BLACK AMBER SORGO 


Fig. 2.—EARLY AND LATE STAGES ON BROWN DURRA 


SPHACELOTHECA CRUENTA (KUHN) POTTER ON SORGO 
AND DURRA 
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PLATE IX 


SOROSPORIUM REILIANUM (KUHN) MCALPINE ON MAIze 


A, Infected tassel; B, infected ear 
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Smutted head of White 


The sound head (A) was grown at Manhattan in 1917 from normal seed on this smutted head 


2. 


Fia. 


(LINK) CLINTON 


SPHACELOTHECA SORGHI 


1.—Main (2) and lateral (() head of feterita infected with kernel smut produced in 1916 by removing the sheath and inoculating the plumule with 


sound head (A) was grown in 1917 from normal seed from the smutted head of 1916. 


milo (#) collected at Amarillo, Tex., in 1916. 


The 


spores and sporidia. 
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affected the ears also generally are smutted and destroyed, but 
occasionally one will escape or be only partially attacked. On the 
other hand, the tassel may escape when the ear is destroyed. The 
smutted plants frequently are stunted and remain green somewhat 
Jonger than aaetial plants. The smut masses are inclosed in a 
delicate pinkish white membrane which ruptures at maturity, expos- 
ing the spores. In large sori the fibrovascular tissues of the host 
(Pl. IX) persist, surrounded by the spores. 

The spores are united into spore balls, firm at first but later readily 
breaking up. These are dark brown in color, globose to oval or 
irregular in form, and 80 to 112 win length. The spores are globose 
to subglobese or somewhat angular, minutely but densely verruculose, 
and from 10 to 13 win diameter. 

The germination of the spores has been studied by Brefeld (10), 
Norton (80), McAlpine (70), Potter (90), Kulkarni (63), and Butler 
(21). Some of these investigators seem to have had no special 
difficulty in obtaining germination in water or nutrient solutions. 
On the other hand, Kulkarni and the writers of this bulletin had 
great difficulty in getting successful results. Potter (90) was seldom 
able to obtain more than 15 per cent germination in water. 

On germination a promycelium~-is produced, usually four celled, 
sometimes branched, with sporidia occurring terminally and later- 
ally. In a nutrient solution the sporidia bud abundantly, forming a 
large number of secondary sporidiss 

Several investigators have attempted to produce artificial infection 
by contaminating the seed or soil at seeding time. Brefeld (10) 


reports that Kiihn succeeded in producing infection with this smut _ 


and also Ustilago cruenta in the same plant. Passerini (83) states 
that he was able to infect maize but not sorghum, using spores col- 
lected on maize. Kellerman (54) attempted a number of inoculation 
experiments with head smut. He obtained two infected plants in 
his greenhouse inoculations. He also inoculated a number of varie- 
ties of maize in the field but obtained only two infected plants of 
pop corn. Im another experiment (55) he succeeded in infecting 
three plants of sweet corn, having inoculated varieties of field corn, 
sweet corn, pop corn, and sorghum. Kellerman and Jennings (56) 
report practically complete failure in their inoculation experiments 
with varieties of dent corn, pop corn, sweet corn, and sorghum, ob- 
taining only one smutted pop-corn plant. Clinton (23) failed to 
_ obtain infection by inoculating seed and seedlings. Hori (49) also 
reports negative results from his inoculation experiments. McAlpine 
(70) produced infection in a single maize plant by seed inoculation. 

Potter (90) recently made an extensive study of this smut. He 
conducted field experiments at four different stations, Amarillo and 
Chillicothe, Tex., St. Paul, Minn., and Rosslyn (Arlington Experi- 
ment Farm), Va. By using inoculated seed during three years he 
was able to obtain infection only at Amarillo and Chillicothe; and 
he came to the conclusion that seed-borne spores are negligible in 
causing infection, which, instead, takes place from spores present in 
the soil. The fact that the spores do not: germinate readily in water 
or culture solutions used lends further support to this view. It 
would seem that the spores may retain their viability in the soil 
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for considerable periods of time, only a few germinating periodically. 
The evidence of Potter points also to the fact that infection takes 
place through the young sprout. Rarely do slightly older plants 
become infected. 


SORGHUM SMUTS NOT KNOWN TO OCCUR IN THE UNITED STATES 


Tolyposporium filiferum Busse.—This smut was described first 
from East Africa in 1904 by Busse (20), who found it on sorghum at 
various points in Tanganyika Territory, where apparently it caused 
no great damage. It is probable that Barber (8) referred to this 
smut as one of the three which occurred in the Madras Presidency. 
In his description, the pathological symptoms coincide with those 
produced by this fungus, although he attributed the cause to Ustilago 
reiliana. Kulkarni (63) reports the occurrence of this smut, de- 
scribed as “long smut,’’ in the Bombay Presidency, stating that it 
is mostly confined to Sind but also occurs sparingly in the Kathiawar 
States. In restricted areas it may cause considerable loss, but in 
the Bombay Presidency as a whole the damage is comparatively 
insignificant. Butler (27) mentions its occurrence in the Madras 
Presidency and Sind. Thomas (109) refers to its occurrence in Meso- 
potamia. According to Briton-Jones (14) it is common in Egypt. 
This smut has not been reported in the United States. 

In long smut only a few flowers of a head are infected. The 
glumes of the spikelet remain unaltered, but the ovaries are trans- 


formed into smut balls or false kernels. These false kernels are ~ 


cylindrical, usually curved and abruptly pointed at the distal end. 
They vary from 6 to 25 millimeters in length and 4 to 6 millimeters in 
diameter. At maturity the shining grayish white membrane of the 
smut ball opens at the tip, occasionally cracking in the middle. The 
interior of the smut ball consists of a mass of smut spores surround- 
ing a bundle of 8 to 10 or more dark-brown strands of host tissue, 
usually joined at the base. These are the remnants of the fibro- 
vascular bundles. 

The spores are grouped in firm spore balls, which are irregular in 
shape and 40 to 120 win size. The individual spores are brown, 
spherical or oblong, with echinulate walls on the free side. They 
vary in size from 8 to 14 » in diameter. They germinate readily in 
water and in various nutrient solutions. The promycelium is some- 
times branched, generally three celled, and bears sporidia apically 
and laterally at the septa, frequently in clusters. The sporidia in 
turn produce secondary spores by budding or grow out into long 
tubes. Branching chains of aerial sporidia are formed at the surface 
of a culture. 

It is not known how infection occurs. Seed treatments appear to 
be of no value in preventing the disease, and this would seem to indi- 
cate that seed-borne spores are not the source of infection. It 
remains to be determined whether individual flowers are infected 
by the air-borne secondary sporidia or whether seedling infection 
takes place from spores present in the soil. 

Tolyposporium volkensia P. Henn.—This sorghum smut was de- 
scribed by Hennings (32, p. 48-49) from specimens sent by Volkens, 


who collected them in Kilimanjaro, Kast Africa. The smut was — 


= 
| 
i 
| 
7? 
i 


SORGHUM SMUTS AND VARIETAL RESISTANCE fk 


reported as somewhat injurious to the sorghums in the station garden 
of Marangu. This smut occurs in the individual flowers of the head, 
but many flowers remain normal and produce seed. The infected 
ovaries are converted into a more or less spherical smut ball, 5 to 
8 millimeters in diameter. The spherical or ovoid spores are united 
into spore balls, consisting of 5 to 10 spores. ‘This species differs 
from Tolyposporium filiferum in the size and shape of the smut ball, 
the spore bal s also being smaller and consisting of fewer spores. It 
has not been noted elsewhere so far as the writers are aware. 

Ustilago bulgarica Bubik.—Bubak (15) described this species from 
a single collection on sorghum grown in the experiment field at 
Sadovo, Bulgaria. It infects the ovaries of the flowers, forming smut 
balls which extend considerably beyond the glumes and are covered 
with a gray membrane which is furrowed and pitted. The general 
appearance of the head is unchanged. The spore mass is greenish 
brown. ‘The spores are bright olive green, spherical or ovoid, 5.5 to 
9 uw in diameter, with a thin, smooth wall. This species is closely 
related to Sphacelotheca cruenta (Kiihn) Potter. Infected panicles, 
however, remain normal in general appearance, the sori being confined 
to the ovaries. 

Ustilago sorghicola Speg.—Spegazzini (107) described this sorghum 
smut from specimens gathered near La Plata, Argentina. The ovaries 
are converted into subcylindrical smut balls. The spores are smooth, 
7to8pindiameter. It is very similar to Sphacelotheca sorghi (Link) 
Clinton, if not identical with it. 

Sorosporium simi Evans.—Evans (37) has described this new spe- 
cies on Johnson grass (Holcus halepensis) from Natal, South Africa. 
The sori destroy the entire inflorescence while still inclosed in the 
sheathing blade; they are 5 to 7 centimeters long and 1 to 2 centi- 
meters broad, at first covered with a rather thick white membrane. 
The spore balls are subglobose or ellipsoid, black, 60 to 150 win diam- 
eter. The spores are globose or subglobose, olivaceous or olivaceous 
brownish, very delicately echinulate, 12 to 13 4 in diameter. It is 
impossible from the description to distinguish this smut from Soro- 
sporvum relianum (Kithn) McAlpine. The fact that S. revlianum has 
been reported frequently on Holcus halepensis by other workers lends 
further evidence as to the identity of S. simi with the head smut. 

Sorosporium ehrenbergi Kihn.—Schweinfurth collected a smut on 
sorghum near Cairo, Egypt, which was distributed by De Thiimen 
in Mycotheca universalis, No. 725, as Ustilago reiliana Kiihn f. sorgha- 
cernur. Kihn (61, 62) studied the fungus and decided that it be- 
longed to the genus Sorosporium because the spores were united in 
spore balls. According to his description of the new species, the 
smut balls are 8 to 13 millimeters long and 3 to 5 millimeters wide. 
The spore balls are spherical to ovoid in shape and measure 36 to 
94 u by 43 to 131 wu. The spores are spherical or irregular in shape, 
verrucose, and measure 12.4 to 17.2 «in diameter. The specimen 
of De Thiimen’s Mycotheca universalis, No. 725, at the New York 
Botanical Garden was examined and in external appearance can not 
be distinguished from Sphacelotheca sorght (Link) Clinton. The 
spores were found also to be indistinguishable. Kiihn’s description, 
however, corresponds closely to that of Sorosporium reilianum. 
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Endothlaspis sorght Sorok.—Sorokine (106) has described this 
‘species from a collection made on sorghum in central Asia. Accord- 
ing to his description the membrane or pseudoperidium is composed 
of large spherical cells. The spores are spherical or irregular, verru- 
cose, and measure 7 to 10 win diameter. The species is very closely 
related to Sphacelotheca sorghi (Link) Clinton, if not identical with it. 


CLASSIFICATION OF THE SORGHUMS 


As already noted, the sorghums constitute a highly diversified 

group of plants. However, from the agronomic standpoint they may 
e arranged in five divisions: 

(1) Perennial sorghum, including Johnson grass. 

(2) Grass sorghum, including Sudan grass, Tunis grass, tabucki 
grass, toura grass, and Kamerun grass. 

(3) Broomcorn, largely grown for the brush used in making brooms, 
though the stems and leaves have some value as fodder. 

(4) Sorgo, or saccharine sorghum, grown mainly for forage and to 
a less extent for sirup. 

(5) Grain sorghum, grown mostly for grain; some of them, es- 
pecially the kafirs, are also valuable as forage plants. This group 
includes the kafirs, durras, milos, feterita, kaoliangs, and shallu. 

Ball (3) has made extensive studies of the varieties of sorghums 
which have been introduced into this country and has suggested 
a system, of classification in which he recognizes seven groups. Two 
of these correspond to the agronomic classification, namely, broom- 
corn and sorgo. The remaining five groups are agronomically 
classified as grain sorghums; these are durra, milo, kafir, shallu, and 
kaoliang. In addition to these, another group must be added to 
include the grass sorghums (86), such as Sudan grass. 

In presenting the results obtained in the inoculation experiments 
with kernel smut, the data on each of the seven groups of the sorghums 
proposed by Ball are reported separately. The data on Sudan grass 
are included with those of the sorgos. The results with various 
miscellaneous forms, mostly hybrids between members of the other 
groups, are reported under the heading “ Miscellaneous sorghums.”’ 


LOCATION OF THE EXPERIMENTS 


The senior writer began his experiments with the covered kernel 
smut of sorghum at Columbia, Mo., in 1915, while botanist at the 
Missouri Agricultural Experiment Station. The investigations were 
continued there in 1916, 1917, and 1918. From October 1, 1918, to 
December 31, 1920, he was pathologist in charge of cereal-smut 
investigations in the Office of Cereal Investigations, Bureau of Plant 
Industry. 

The junior writer, in cooperation with A. A. Potter, formerly of 
the Office of Cereal Investigations, Bureau of Plant Industry, con- 
ducted experiments at the Kansas Agricultural Experiment Station, 
Manhattan, Kans., and the Cereal Field Station, Amarillo, Tex., 
from 1916 to 1918. 

The investigations were continued jointly by both writers at 
Amarillo in 1919, at Manhattan from 1919 to 1921, at the Arlington 


SORGHUM SMUTS AND VARIETAL RESISTANCE 13 


Experiment Farm, Rosslyn, Va., in 1919 and 1920, and at the Brook- 
lyn Botanic Garden, Brooklyn, N. Y., in 1921. 


METHODS EMPLOYED IN THE VARIETAL STUDIES 


In the first experiments at Columbia, Mo., in 1915 (95), seed of 22 
varieties of sorghums, includmg sorgos, broomcorns, kaoliangs, 
kafirs, durras, and milos, were inoculated with spores collected the 

revious autumn from kafir grown in the vicinity of Columbia. 
Four varieties, feterita, Dwarf Yellow milo, Standard Yellow milo, 
and a durra, remained free from infection. The other varieties had 
a percentage of infection ranging from less than 1 to more than 31 
per cent. The studies at Columbia (96, 9S) were continued in 1916, 
1917, and 1918, an additional number of varieties being used each 
season. 

The seed of the varieties of sorghum grown at Columbia was 
obtained from a number of sources, for the most part from seedsmen, 
but also from the agricultural experiment stations of Missouri, Louis- 
iana, Kansas, Oklahoma, and Texas. The orginal seed of many of 
these varieties was also used at the Arlington Experiment Farm, 
Rosslyn, Va., in 1919 and 1920 and at the Brooklyn Botanic Garden 
in 1921. In addition, a large number of varieties was obtained from 
B. EK. Rothgeb, of the Office of Cereal Investigations, and H. N. Vinall, 


of the Office of Forage-Crop Investigations, Bureau of Plant Indus- . 


try, and used in the seedings at Rosslyn and Brooklyn. Many of 
the original samples of seed were used in two or more seasons, no 
attempt being made to collect seed from one crop for use during the 
next year. 

The seed received from the various seedsmen was listed under 
various names. ‘These varieties were all carefully examined and 
compared with authentic material. Dr. C. R. Ball and B. E. Roth- 
geb, of the Office of Cereal Investigations, and H. N. Vinall, of the 
Office of Forage-Crop Investigations, have rendered valuable assist- 
ance in the identification of the collections. 

In several cases the seed samples contained mixtures of varieties. 
This was especially true of the sorgos. So far as possible, however, 
the rows were carefully rogued before the counts were made. Fail- 
ure to rogue completely may account for the occasional appearance 
of smut in certain varieties which otherwise have been free from smut. 

As previously stated, the spores first used for inoculation were 
collected in the fall of 1914 from kKafir growing in the vicinity of 
Columbia, Mo. In subsequent years smutted heads were taken 
from some of the varieties in the experimental plat, and these furnished 
a supply of spores for inoculation. Spore germinations were always 
made to determine their viability. 

From 100 to 200 seeds of the different varieties were placed in 
packets, inoculated by dusting heavily with the spores, and then 
sown as soon as possible. Usually an uninoculated series of the 
varieties was sown also as a check. Very little smut appeared in the 
uninoculated rows, indicating that the original seed used was almost 
entirely free from smut contamination. 

The rows usually were 40 inches apart. The length of row varied, 
_ but an attempt was made to have at least 100 plants at maturity. 
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In many cases the number of plants was very much less than this, 
poor germination having resulted in thin stands. The plants, when 
necessary, were thinned so as to be approximately 4 to 6 inches apart. 

The investigations at Manhattan, Kans., and Amarillo, Tex., were 
begun in 1916. Potter and Melchers (92) reported briefly on the 
results of their experiments during 1916 and 1917 at these two stations. 
They state that milo and feterita, a few durras, and a dwarf kaoliang 8 
proved highly resistant. Other varieties of durra, the kafirs, broom- - 
corns, and sorgos were found to be generally susceptible. The varie- 
ties of kaoliang showed a moderate degree of resistance. Melchers 
(74) made a further brief report on this work. 

The seed used at Manhattan and Amarillo was obtained from the 
Office of Cereal Investigations and from Prof. John H. Parker, of 
the department of agronomy of the Kansas Agricultural Experiment 
Station, and consisted of lots bearing Cereal Investigations, Seed and 
Plant Introduction, and Kansas agronomy department numbers. In 
so far as possible, several heads of each variety were bagged each sea- 
son, and the seed from, these was used the following year. 

The smut for inoculation was collected in the autumn and kept in a 
dry, cool place. Later it was ground and sifted through a fine screen 
so as to exclude all grain. Germination tests of the spores were made 
in order to be certain of their viability. The seed to be inoculated 
was placed in a small box and sufficient smut was added to give the 
seed a noticeable brown color after shaking. The seed then was 
sown 114 inches deep in rows 30 inches apart. The plants were 
thinned to one every 8 to 10 inches in the row. 


INOCULATION EXPERIMENTS WITH COVERED KERNEL SMUT 


The percentages of infection obtained in the inoculation experi- 
ments with covered kernel smut (Sphacelotheca sorghi (Link) Clinton) 
are shown in Tables 1 to 7. These tables also include the varietal 
name and seed number of each strain and the station and year each 
was grown. If a strain was grown two o: more years the average 
percentage of infection, based on the total number of plants grown 
and total number infected, also is shown. 


RESULTS WITH SHALLU 


Shallu (102) belongs to a group of sorghums commonly grown in 
some parts of India and central Kast Africa. The so-called rabi jowar, 
or winter sorghum, of India, which is sown in September and October 
and harvested in February and March, consists very largely of differ- 
ent strains of shallu. The crop is grown during the period of least 
rainfall, and smut seems to be less prevalent in it than in the kharif 
varieties which are grown during the summer season and spoken of 
as the monsoon crop. The kharif varieties are very largely durras. 

Shallu was imported from India about 1890 by officials of the 
Louisiana Agricultural Experiment Station. It was grown for several 
years under the name “‘ Egyptian wheat”’ and then discarded only to 


8 This so-called dwarf kaoliang, C. I. No. 293 and S. P. I. 22010, is different from the rest of the kaoliang 
group, according to C. R. Ball, and probably represents either a selection or a hybrid from one of the 
pear durras from India. 
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be introduced later inte various other parts of the country. As early 
as 1905 it was grown in Texas under the name “ California wheat.” 
Other common names are California rice corn, California golden sor- 
ghum, Egyptian rice, Egyptian wheat, Mexican wheat, and Mexican 
Desert wheat or rice corn. These names are all somewhat misleading 
and have been used for purposes of exploitation. Apparently only 
one variety of shallu has been grown in the United States. It is of 
little value as compared with the other sorghums. 

Six different lots of shallu were grown at Columbia, Mo. The 
total number of plants obtained was 1,235, of which 342, or 27.6 per 
eent, were infected. Shallu (C. I. No. 85) was grown four years at 
Manhattan and three years at Amarillo; at Manhattan, 23.2 per 
cent of the plants were infected, and at Amarillo, 19 per cent. At 
Brooklyn 144 plants of three different lots were grown, 55, or 38.1 per 
cent, being infected. At Rosslyn 32 out of 90 plants of two lots 
grown were infected, or a total-of 35.5 per cent. The detailed data 
are shown in Table 1. 


TaBLeE 1.—Resulis of inoculation experiments with spores of covered kernel smut on 
strains of shallu at five stations in one or more of the seven years from 1915 to 
1921, inclusive 


Number of plants grown Percentage of plants infected 
Strain and 
station Acco 
1915 | 1916 | 1917 | 1918 | 1919 |1920}1921) 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 age 

Mo. No. 5: 

Columbia= = ie4le eee ls Be sel DO Os ia eee Ein | ce ee lec eee ae ee 29.0 
Mo. No. 10: 

Columbia === ie2o5) |e St Le 20: Oy eee eles Dee RW se alee ses ee oae ECE AS 20. 0 
Mo. No 13: 

ClO | Se | eee | ese Sale ea eee DD OB |e as |e AS a eee ee ee aes 22.9 
Mo. No. 46: 

Columbia - = -|_--_- TELS SIM [es ak | rake Bt PRbeaans sl PER SS eae Le ANTAL Se: 54 Wie 0) St Loan deta) Sar palo 40. 0 
Mo. No. 62: - 

@olumpia=*.|2.-2 |e = 94 a Up Vises Fe a a ll Leo Ot rs eas DLR S Ohee penne |e oe | ae 50. 5 
Mo. No. 76: 

Columbia - - -| ee [A ene ON I ee (eee Ree gS De RS oo cre (eres [pee ae ee eee 0 

CESS) By hee ie es Sat OS [etl | eae ee G55 | Sed ae [pea a Ee ee VARY eek = a 32.3 
Mo. No. 206 

LBA reve cel Aig eS al Seay et es Se | eee ee ea BAG Ue] Ses Sacred eS ek Si fst ga (are 28.6 | 28.6 
C.I. No. 85: 

Manhattan_-_|_____ 91} 18] 53 | (aS, S| aH nee SS LEGON MoOe Ole Ome cl see eee 23. 2 

STOO kebiyane ee ee ee ee ate = O4 3 epee |e = oll eit |e ee fe er re 39.4 | 39.4 

Amarillo: jus 2 Gisi-239- fe! DAs eee 3=[-oeees 9-8) (EI SiO zea == DADS Psa ase 19.0 

BOSSI ives | el ef ed Die rae tee Mine S| oben eee ees AAS Os | Bee 44.0 
Agrost. No. 2650: 

1B Tr stv bi] ¢ ies So ele me Soc) eee | Ree lee bee ERA] Ire SOY) (peek reed be Fe eg egy ney [ng ie feck ec ea 38.9 | 38.9 


In these experiments shallu was very susceptible to covered kernel 
smut. Its freedom from smut in India may be due to environmental 
conditions or to varieties which differ in their susceptibility from the 
_ one introduced into the United States. 


RESULTS WITH SORGOS AND GRASS SORGHUMS 


Apparently the first variety of sorgo, or sweet sorghum, to reach 
the United States came from China by way of France (3). In 1851, 
seed of a variety of sorgo was sent to France from the island of 
Tsungming. Only one seed grew, producing a plant very similar to 
some of our forms of Amber sorgo. Most of our strains of Black 
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Amber sorgo probably have been produced from this Chinese intro- 


duction. 
but no additional saccharine varieties. 


Later importations of sorghums were made from China, 


TABLE 2.—Results of inoculation experiments with spores of covered kernel smut on 
varieties of sorgos and grass sorghums at five stations in one or more of the seven 


years from 1915 to 1921, inclusive- 


Number of plants grown 


Percentage of plants infected 


Variety, strain, and station | | | | | aS, 
if 1916 1917,1918, 1919 ie 1915 1916,1917|1918} 1919 19201921) er- 
| age 
BLACK AMBER GROUP | | 
Black Amber, Mo. No. 70: | | 
oa pif oO AREY 4 Se Che AD SEY 104; 99}____}-___|_- gaa [28,3]! - Pes: eee os 14.8 
ON A721 o oe a cee oes . Beira rae ene Ser a5 Se ee ES Oe ts) | eee eee eee ee Pee ee hate! Gadi Gd 
Black rater. Mo. No. 127: | 
LOOK ya ess coke SENS ae ee a el foes S| (age a Bae haf A ot Peed See 2 es” ae |____|58. 8! 58.8 
Bssiyrs sae Se a Te See as Bese are 7 eae See CSS (RS cae eed 447/---| 44.7 
Black mabe Mo. No. 209: | 
onan a BN oe ee i Ne Fe | 2 Tt eee eee! Pewee eee 7 hada ys || Saeed ee os eat 20.0 
BRD 0) 2 70 © alae pe eT, SINS) Mae nl (ee (ess i pee HR teal Pave fe: 2 Re (eae! elcid Lee hs 150: 0}. 50.0 
Black Amber, F C. I. No. 7038: | ide | | ees 
POGK yi! sso = a ek i Be ea ee ale | eee ee 2a] el ee 55. : 
Black Amber, S. P. I. No. 32384: a . 
Msnbathanec. 222-2 a ee eee 117} 200} 113} 124 411) 108)____|27. 4 21. 0:40. 7 13.7) 9.0} 7.4] 17.0 
G eS DOS oy Pat a a ha 2 (fy HZ) 42h 167) GOS) ee made a Hs) fem seel {ces 86 
ollier, Mo. No. 47: 
GVELUST IC) 01 Re a ee ae a ee! 416) 94) 100} |e oe Swe a its 723, Al 429) es | Eee eee ee. 
STOO RK Ly e225 BN SI eS eae) AS ae (a) Pe eee SY | ee [eed ae eo eS ees 43. ; 43.2 
Collier, S. P. I. No. 19770: | | 
Eruphiyn ee teh Soa te) Md sag (ei) il pay 5 6 pai | a WS i (ae Le |e Legee? j rae 
Osshynw gitar e ta ae Re eM Bp ees res ie 2) Pe 2) ene 22s ee eee i eaes 
Collier, Kansas station: | | | | | 
Manhattan. so 00 se woes Bes eS ee ee 104) 30) 2%2|- = alee bee Ree 32. 1) S62, o aoe | 35.8 
PATMATINIG 0a sae Re SEES es, We Ba ee SAP 293. = 2 ee ge ee 2 Aer ss 4851131. 7| a eow | 34.3 
Black Dwarf, Kansas station: | | | | 
Memhattan. |. <tc foes bens Scce s2== TAL 126} 24) aE | ee 23.0) 4 8 _Sfoiere 11.5 
AAMT Oss Ss set eee a ke te fie | eel eR 1 7) oa) eee eae ee, | Sees EL 29) 1) 14) ee ee 10, 2 
Dakota Amber, Mo. No. 48: | | | | 
SOLTT S| C1 zp ph era es we Pe aek sees 122 | S09) 26) 1 OL el pee a Gn ale els Oe eee eee 15.6 
Dakota Amber, Mo. No. 141: Aa | 
EC OSS TY Bsc ee ee BE ast FR cee 40) 22243 o. Eso eee BP ole 44. 3/____| 44.3 
Dekota Amber, F. C. I. No. 1528: | | | 
Wath aAttannc cee 4 ke eee ees) a (ae ee i---/---- S51) ie eee 19.5 
PAITATINO! See Fe 8 ee he WE Se GIR aeons Pe) eee te I ap ee es 11.8 
Early Amber, Mo. No. 207: | 
BSTOOKDY Meo ee Se ee eee ee Ate | os a ee 4! | seein | als EES ae oes or ba | IAFL 
Early Amber, S. P. I. No. 28026: | 
1aSCSS Ip cag Sapir) Sapa Wanlianencht Yuet! beer interes] oh Seats ears BS ES ~2] er | Hs SIS) | aS See eS 37. 5|---_| 37.5 
Folger Early, F. ©. 1. No. 1480: | | | | 
i ENSUE 3 227 ela ee ee ROE ee We be pb Coe ee (cites 2 ee See eee ee ee 61: 6). sas ee 61.6 
See oF Ciera ce peay fered sawing bo bea 3 (Sie mbps (Pee 3 pF) peels bal ASS ana a aes tee aE ne rors cage 
OSSEV DEE 2a oe AR ea ee es Ls eee ee ee 71 Ee Se Sa RES Res aption e 
McLean, S. P. I. No. 34985: | e 
Brook lyr ee) 2 ee ee es ae, SPS fis See Pe Se kee She. selhose Se) ey eed PA 9.4, 9.4 
TS itr Tredl Ss “eid Epa he 2 Racal a 1 Ki 5) weld SSG) |G Bae eee ES 16. 1]----| 16.1 
Minnesota Amber, Mo. No. 3: | 
Columbians =o te es | AS es BO ae ee ee le Je Oe Bb}. oa bee S| Rao ee ee 10.5 
ESEOORE GH 22). tp ee ee ge | ree ee ee |e [eee y+] Ke Pat See as es eee ee 30.8) 30.8 
Minnesota Amber, Mo. No. 9: 
OUT IS oe eg a ee 266b-aesk alba ce Eset ass O58) 580 b ek Bape ot se as 9.8 
Minnesota Amber, Mo. No. 52: : 
@plambial ej fp! enon ets _.--| 193] 103} 137|__.-|_-.-|---- |-c- 21148110: 7] 209) ee 
STOO CUY TY = 7 Ma ON OS ee ee een ee ere p34 ee SW) fea ied Rate ike | x 14.3! 14.3 
Minnesota Amber, Mo. No. 93: 2 
SEES E Of AS ear oe bee (ST (eles BP 23 ee (Rare PIERS fees Mae [ae oe aes eee | 15.4 
L2G ee ER Re SS ER So eoo-|---=)-==- cB ee! Oe eee ee Ae eee 9.1) 9.1 
LOSS 97). coca BA AS RRR EO oy eee TUS. |e ee oe ee eee 9. Bi-ce2 |, B66 
Minnesota Amber, F. C. I. No. | 
1 
aera gg Dap ay va te Neel ele col feo | fa Sal oe 106)..=-|-= Sa aaa ae Ge | ene Ae te 
rpokiym..-.. (30) <355 eye Ry eae ee 3. See. FPS cs eee ee ; * 
f.¢ 750: UT RE el Se Ee A ee Be Fae fee” 4 | SRE ES es ate oe | ees NESS Aad) 5 Ba 4.7 
Rosigate fe Lee de a ae eel Se ST ee SEGA Reece 13, 8|___-}] 13.8 
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TABLE 2.—Results of inoculation experiments with spores of covered kernel smut on 
varieties of sorgos and grass sorghums at five stations in one or more of the seven 
years from 19165 to 1921, inclusive—Continued 


Number of plants grown Percentage of plants infected 


Variety, strain, and station | Jame 
1915/1916)1917)1918) 1919] 1920)1921)1915/1916 oi 1919 |1920/1921) er- 
age 
bi 
RED AMBER GROUP 
Early Rose, Mo. No. 130: 
IViamnattaneee ae see rer eee etree tn nee mea £2) Haas Seale ah | gl he AAO nalts 44.0 
MS TOO Kslyae oe eee eee ae Dee a Pe EN RT et es Bc tee ESR) a aR Te a (WS 60. 4| 60. 4 
FAUINIAT IN Ose tera re ees ee HA RE ea | O45) 2 eae Aas Wate) Fe Bilao oa S| 22 
NEVOSS lives ees ted es Olea ae eet CAE SIMRO BX eg ea CE | Seen 1s td lay | beg Lea 18, 5)._.-| 18.5 
Early Rose: 
Colt payee see es eae ee COV i aorta caylee] | ceaay | ape pee AA «sh a peepee eco | es 30.0 
Red Amber, Mo. No. 78 
@Wolimibnals yee wer eee spore sees Hs Ube ns Gees aa | i LOU APO hole ee Me a Ou. 
Red Amber, S. P. I. No. 17548: 
Thu leew ad oe gE ae 4 eee er ge ke ee a A el 382! 148] 125] 123} 390) 114)____] 6. 8/15. 5/30. 4] 7. 3/13. 3}10. 5) 12.5 
PaXTeoe STAID CO) eget oy lll mathatee bots (eal bet abs DAS WE2 Ol Rey OCC] ees | eet | eee 8.3) on UG IS), 56. Weenie 7.4 
IEVOSSIiviTieee ee eR Ese EOE |i Lo as PAE AGO eevee ies [Seagal CPO Becta SBlseent One 
Red eae F. C. I. No. 1534: 
IWranitvattarness: wie nen ee sees ene te PYM Ab USXoI} INN NBS ja alee Nee o CO Sea Die | ase |e 15. 4 
AIM AT Oa cess Ok peeks ie eR ME Ole LEO) ALSOP TB2) SSNs — ye  Se LEZ | OO 22s Ov onO |e pao 9.0 
ORANGE GROUP | 
Colman, Mo. No. 53: ; 
Columbiapertrsient jst eer it Les ery ool ty Ba ey ibsoas  Ne tarn) eaea al T  ia GES BLS Wee |e ea |e 64.4 
Colman, S. P. I. No. 2324 
MOOR? ee Seely Ep es Be Ea Beets OP ea eed 7A fey KR get eM Lh oN bs 75. 0} 75.0 
TER OSS ym eareeeet eee sano) 2 tah te phates be) 4] ei at Hap EC pyc a | CUP PAPC 0 He: 4 a(t a (Pf Ue 37.4 
Colman, Kansas station: 
(Naira article iy es Gs he arts | ee APN Se NO tA lp be abe cl a Bice Teh pt A DO aT (| ee | ere 28.1 
NG aot W SU (GE pe beled BEE eben Laptanes dang Fede potbellied al El 4 cacy peel eat a hea SON SAD STS oes eee | ee ane 36. 2 
Early Orange, Mo. No. 4: 
Colima ia sold Mele serra ee SG es sea || tent na a ep Lk fl 7 Pe aaa ope eer | pa id | | ol 6 Pl | 
Early Orange, Mo. No. 77 
OlUIMMIat ahs ie eh She el aa SRS pe Mei sd | hd | CO aby [nee Aa To | da 
BTOOK yer eee eke e ete aie cine ep eee J (yee aeos TS ea cas | Speed tg le a 44. 4| 44.4 
SEROSS Livan 2). 2 Weed ace nce ie a aba aN fd ee) eA hd ee | A a al CON Ra (Y 
Early Orange, Mo. No. 82: 
COL UTI aa aes ate RA ya Fine ee ae EV Ys ad Fa (ne | ae ah na | FN CO a ce Rue Vag Jay sti 0 
TB 5100) yrds UN TOSS SAS ak AUS a (SP ee A Hrs | fs ES TLE ea 58. 8 58.8 
TRO SSH RGU pt a Sea CEA Spl all [bl HY Rai 1 ee lead pe eae WaT 06 i eng le Flr ee sea a Da 28. 8|..__} 28.8 
Early Orange, Mo. No. 208: 
TB YAO VO) TA Aas a Spt er a ele a eel Sle aa tLe nde a a E65 DN Ya Pl LAR Uae PF 50. 9} 50.9 
Kansas Orange, Mo. No. 54: 
VOMIT ae see re tal ey aia Natag eS) Dee he Aap Ua le Yew eto (6) et Se ja La ea ek ca cee USSG|4 255/10) ViCUOe spose lee os, 2255 
Kansas Orange, Kansas station: 
IMME TOUO PHA He Reto a A) oc A A Bre aly oe Nw eb ara =i AO ANS (549) ate ei eee pea OM | LoL a Pe 9. 4)10. 1) 9.6 
_ Kansas Orange, F. C. I. No. 2025: 
1B Oodle Se a Ma, I OF as PL ea OMe aa Vel at Cr ba poh ig | We ade arte NG A (ee 125 \el2o5 
Orange, Mo. No. 79: | 
GOTH aes eet ee pe ee ce Ea COC] Mua tis aa eH NS RTS He aT al Et aera Ma fr 0 
TOOK Ted eee cen ee et ed Mn 2 CRORE Hiei, aes INC) i el na 2 eg ag kn eR TS LN 80, 0} 80.0 
HEGOSS hivarte eae es net ng ee Mea = tis rea Pee P34) J airtel fi al: baa ue) Fin NN 30. 8|/___.] 30.8 
Orange, Mo. No. 92: $ 
COU ES Usa apes ee eng at ate a ei La bog dE FY SARE AS age SIE Le He Ba Ma | eee pa | BERS CRE 2.7 
TOO RLY Tee eee ee tee eee OE 2 ALS | Se al eee ee FS oe [Fe | OS 6 55.6 
TRO SE ida eat SSA ea a Ge OS es | fer re eg (ea ny (a 774 ys Jal tla i cay I ga 27. 8\- |) 2he8 
Orange, Mo, No. 210: 
WOM Dinca wee me: ee Tet ech ee BOW SA tes eee Pao N LS Sy aC Does Oe » [aes | eee eee 16.7 
PEREGO Kaliya Tees spi nie ka es Pk Ba] a PES TENG | Se Perr eh ga] ee 81. 3] 81.3 
Orange, F. C. I. No. 1438: 
Ite Wal os ripe a Ye le fe aa a Pa PAI PAU 2: GY EMS ay SN ee pee ASEO|22N51 52) 0| 22a |e el ees 35.8 
ATOR Nes Fo CS le ia ee ne AZ 224 TGS ete ee 8 CL 2b DA Ay os Dg i ee os 23.3 
Orange, C. I. No. 113a: 
HVA i GATS erg ge A cue ells Sl ke Le PEIN LOY NIT Np a Fae 70. 5| 8. 7}----] 26.4 
See ithe Ste SN ale A ag aot lteelat WM Wa fab Nhl eh uel La eed i (Ny leeabill | hop dha fae Peale kas athe AQ 5s. ee 49.5 
Selva S OLR) nek Sires bad ied) ve bt) Sea ermal Sawa | ee pe Eyl eve [ay la War a ate 4 ae a Ue SPSS Ne saS 
Piditer, g. *P. I. No. 17539: 
AManiG Src a Ba ey SOS CALS AU AN OD Pe | Sid WBN LOO, 0} ee 100.0 
Silverton, Mo. No. 138: 
(NEE Ei ta a ce Mal dh. lath Aha afg EA basa Diy ce a estan el gt 24 fen beat 12.6 
Pampa tebe By yey ad Ci ee Fae ed yh che hey 699) 7s) yeahs sel eee. |- my! 4 Aw HERE 9.4 
1 SSL anniv UW i cpr CT ea tet \ erie Saami SPT eh Ve yd ER ca RE | PO Jee rei cron eo | Se We Da! 
’ 
106639°—25t——_3 
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TABLE 2.—Results of inoculation experiments with spores of covered kernel smut on 
varieties of sorgos and grass sorghums at five stations in one or more of the seven 
years from 1915 to 1921, inclusive—Continued 


Variety, strain, and station 


SUMAC GROUP 


C@olumibiatees tes seek reste 


Rosshya de yo: Saas 


Sumac, F. C. 1. No. 1831: 


iBrookiyniee ees see 
Rose 22098 FER WL Ala es te dle 


Sumac, S. P. I. No. 35038: 


Mann attanian 2-2 ence ae. 
FAUNVATIIOS eo Cae ae ee 


MISCELLANEOUS GROUP 
Denton, Mo. No. 144: 


IR OSSliyiMeste ne eee ee eee 


Ay; 
Gooseneck, Agrost. No. 2652: 


VManhattanieuses ss spos ae 


Honey, Mo. No. 97: 


Golumpiag swans es ee 
JEVOSSLivmieee ha at pena ne es? 


Honey, Mo. No. 133: 


IEVOSS layne ae oe ine Ee pels egy gc pk at ae So 
Honey, F. C. I. No. 9576: 

IBTOGK yn ise2 27 er neh s Pes pigeby tied bP ot ere fs 

AMAT OSs ase Le ae BOR pa) ee a 
From Java, S. P. 1. No. 39276: 

IBT OO Kye Acer ee ee sie eye Pe ag be Ca gal ft Ee 
Dwarffrom Java, S. P. 1. No. 39269: | 

IBOOK yee Saas eee ae oh ce | a 

PAT An On Aa eee ee Radner eerste ee wh Nap FEE ex be eye fe le 

(ROsShyNaS- eee: op ees ke ib na SST EEA I 8 
White African, F. C. I. No. 1546: 

IBrookbyns. 40-2) Sos soe ak pe Pa) 1 ee a Fae Ne 

IEG OSS Liye ea Shek eae a a Brn ed a a 1 | 


GRASS SORGHUMS 


Sudan grass, Mo. No. 56: 


Number of plants grown 


1915) 1916|1917|1918/1919)1920 


__.-| 259} 111] 55}___- 

0-4 sal at fx 

eal ae ae ene 

|}----|)----|----|----|---- 

ae Frist fea io 

_.._| 200] 86|_-_-] 56 
LSE aia 


Coltimbigns 222 ees ee es2\eOOlea ss 
Sudan grass, Mo. No. 57: . 

Columbial: 232i gee a epee {| EE EGO ce! 
Sudan grass, Mo. No. 89: 

Woltim blige eke teeta Poe eee cea 600 
Sudan grass: 

Manhattan=— 25 - et. saa eae =© 2) 500)" 200|- 222 

Amaritlosin sa se. ie Sree xeees ALA 116} 165)____ 


Most of our sorgos came from South Africa. 


| 


Percenta 


ff =| 


1921}1915}1916)1917 


12> = L053 Brite 


elabiiss 34. 5) 8.1 


gE Wea @ ee NES ps 
al Bed Ba ft 

74a\ teow Niele meee 

Baebes eee hie 
spies vir do Ae Dead 
nial pegie ee) tsa eee eae 
io as es ea ad 
2 pa e pa al 
oe eee SS NOE = 
oir ees (ie | a ede eel eke 

} 

apa a ae 
2s a oe ir Senda 
LEW |G OR | Re 
"Eda| et 2s go| {| -auepes 
ers 70 gee igh Re eas 
as eb 8 a th 8. 2/20, 2 
Bee TA SE ee 8.9 
“tes) Taata 3.2] 1.0 


SUZ SEL BS ee 2/37. 8) 0 


ge of plants infected 


| Av- 
1918) 1919 |1920}1921) er-- 
age 


pene eb 26 SEEM yea! 
a eee oe a nee aa 
Bit a fen eh ph Sei JS 40. 0 


Att al Kah ao 36.9 


Ee o| Saat eee 63. 8) 63.8 
eee S| enero DSS | are Pe ei 


ee ol) EF Ole ei 24. 3 


0 
7.0|-_--| 7.0 


22 e=|scoesl aes 33. 3} 33.3 
t2 Sas 30. 0/____} 30.0 


Leonard Wray, an 


English sugar planter at Natal, South Africa, procured 16 varieties 
of sorgos (3) grown by the various native tribes and called ‘‘ Imphee.”’ 
These were introduced into the United States, and in 1857 they were 

own in Georgia and South Carolina. 
in the United States except those of the Amber type have descended 
The original strains were soon widely dis- 


from this introduction. 


tributed over the United States. 


Most of the sorgos now grown 


Hybridization and selection re- 


Bee ees ..--/80. 0} 80.0 - 
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sulted in a speedy multiplication of so-called varieties. Fully 200 
names have been recorded for various saccharine sorghums, although 
it is doubtful whether the number of actual varieties was ever more 
than 20. 

Most of the common varieties of sorgo fall into one of the four 
following groups: Black Amber, Red Amber, Orange, and Sumac. 
Data on the infection obtained on the various strains and varieties 
are presented in Table 2, in which the varieties are separated into 
these groups. 

Early Amber, the original Black.Amber strain, was supposedly de- 
veloped in Indiana from the first Chinese importation (1). More 
recently other varieties or strains have been developed, such as 
Minnesota Amber, Dakota Amber, Improved Amber, and Earliest 
Black. Folger, or Folger Early, is also a strain of the Early Amber, 
especially improved as a sirup variety. Collier and McLean are 
closely related varieties. These are, for the most part, strains or 
varieties selected from the original Karly Amber, differing perhaps 
in earliness and other characteristics. 

Altogether, 21 different strains of the Black Amber group of sorgos 
were inoculated with the spores of Sphacelotheca sorghi. These 
strains included the more or less distinct varieties of Amber sorgo, 
such as Dakota Amber, Minnesota Amber, Early Amber, Folger 
Early, Collier, and McLean. With two apparent exceptions all the 
strains proved susceptible, generally showing high percentages of 
infection. 

Some of the highest infections obtained with any sorghums were 
obtained on strains of this group. It was not uncommon to obtain 
infection running above 40 per cent. It is especially interesting to 
note the high percentages of infection obtained at Amarillo and 
Manhattan with Folger Early (F. C. I. No. 1480). At Amarillo 
50.8 per cent out of a total of 256 heads were infected, and at Man- 
hattan 61.6 per cent of infection was obtained out of a total of 73 
heads. These percentages of infection equal or surpass those ob- 
tained with the same or other strains at the other stations. 

The varieties of the Red Amber group are very similar in growth 
to Black Amber but have red instead of black glumes. Five strains 
of the Red Amber group were grown, two under the name of Early 
Rose and three as Red Amber. In general, Early Rose showed a 
high percentage of infection, running up to 60.4 per cent in one case. 
Red Amber generally showed less infection than Black Amber, and 
157 plants of one strain at Columbia, Mo., in 1918 showed no in- 
fection whatever. The strains at Manhattan and Amarillo showed 
comparatively low percentages of infection. , 

The Orange sorgos constitute a distinct group. They are of South 
African origin and can be traced to one of the Wray introductions. 
They differ from ‘the Amber group in having larger and heavier 
stems and more abundant leaves. The panicles also are much more 
compact than those of Amber. Several strains have been developed, 
such as Kansas Orange, Late Orange, Improved Orange, and Peren- 
nial Orange. Colman is a variety which is said to have originated 
as a hybrid between Early Amber and Orange sorgo, but is more 
closely related to Orange than to Eariy Amber. Planter and Silver- 
top are closely related varieties. 


. . " 
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The Orange group of sorgos has proved extremely susceptible to 
the kernel smut. Seventeen varieties and strains have been grown, 
and usually very high percentages of infection have been obtained. 
This is notably the case with one strain at Columbia and with prac- 
tically all the strains grown at Brooklyn. Certain strains grown at 
Columbia in 1918 usually gave negative results, but the same strains 
at Rosslyn and Brooklyn later proved to be very susceptible. Rela- 
tively high percentages of infection were obtained with the strains 
erown at Amarillo and Manhattan. 

A fourth group of sorgos includes the Sumac sorgo, also one of 
Wray’s original varieties. It is sometimes called Redtop, Redtop 
African, Redhead, Red Liberian, or Red Imphee. It has remained 
true to type, while many of the other African varieties proved to 
be exceedingly variable. 

Five strains of Sumac sorgo were used in the experiments. One 
strain of Dwarf Ashburn, a form similar to Sumac but with a shorter 
stalk, also wasgrown. Relatively high percentages of infection were- 
obtained on nearly all strains grown at Columbia and Rosslyn, and 
especially at Brooklyn. Sumac must be classed among the more 
susceptible varieties of sorgo. 

Other varieties which do not belong to any of these groups are 
Denton, Gooseneck, Honey, White African, and two mportations 
from Java. One strain of Gooseneck showed no infection on a 
limited number of plants at Columbia in 1918 and Rosslyn in 1920, 
and another strain showed no infection at Brooklyn in 1921, although 
heavily infected at Manhattan that year. With the exception of one 
strain at Columbia in 1917, Honey sorgo has shown littie or no 
infection. The two varieties from Java and the White African have 
been heavily infected in every case. 

Sudan grass has proved somewhat susceptible to the covered kernel 
smut. Three lots were grown at Columbia; two of them gaveslightly 
less than 10 per cent infection and thethird gave negativeresults. The 
latter, however, was grown only during the season of 1918. At 
Amarillo, Tex., two lots were grown, and only three heads were 
smutted. At Manhattan, Kans., two lots were grown, and 18 out 
of 852 heads were infected. These results are based upon head 
counts rather than upon plant counts. 


RESULTS WITH BROOMCORN 


‘ Three distinct varieties of broomcorn are grown in the United 
States, the principal differences being in the height of the plant, 
in the tenacity of the attachment of the peduncle to the upper node, 
and in the length and texture of the brush. One of these varieties, 
best known as Standard broomcorn, is grown under various names, 
such as Australian, California Golden, Chinese Evergreen, Early 
Longbrush Evergreen, Evergreen, Imperial Evergreen, Improved 
Evergreen, Missouri Evergreen, Tennessee Evergreen, and Wisconsin 
Evergreen. During the early period of broomcorn culture in the 
United States the Standard variety was the one grown. In recent 
years, as the center of production has been moyed westward the 
Standard variety has been replaced largely by the dwarf broomcorns. 

There are two varieties of dwarf broomcorn. Acme broomcorn, 
sometimes known as Dwarf Standard, was developed recently from a 
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selection of the Standard broomcorn made in 1906 by A. H. Leidigh 
at Channing, Tex. It resembles the Standard in the length and 
texture of the brush but is dwarf in stature. The second variety of 
dwarf broomcorn is known as Dwarf. Its exact origin is not known. 
Various names have been applied to it; for example, California 
Golden Dwarf, Dwarf, Dwarf Evergreen, Evergreen Dwarf, Japanese 
Dwarf, and Oklahoma Dwarf. It ranges in height from 3% to 6 feet. 
At present this variety comprises about two-thirds of the total 
broomcorn crop of this country. 

All three varieties of broomcorn have been used in these experi- 
ments to determine their reaction to the covered kernel smut. The 
data are presented in Table 3. 


TABLE 3.—Resulis of inoculation experiments with spores of covered kernel smut 
on varieties of broomcorn at five stations in one or more of the seven years from 
1915 to 1921, inclusive 


Number of plants grown Percentage of plants infected 
Variety, strain, and station | 
1915 1916]1917|1918) 1919] 1920|1921/1915)1916 1917 1918|1919 1920] 1921 eth 
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Mian bh atramnctc me esr Sere ig is os Perm beee eset SOO ere ap et om ee | eRe) Fy eI oe fet eS Sileall 
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Standard, Mo. No. 26: 
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Standard, Mo. No. 64: 
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OGLE WON OVE as sett oe lh ae ie ale cet Abra arog) Camis ley 7A apsess ei toa Ne tr Bel Sere Game he 05 ta Kappa | ER Bh 9.5 

Brooks gM os See eer yy ee ih Sol aie Pb 1) eas Be Oe ae BY) vines Oe on ates 35.0] 35.0 
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Standard, Mo. No. 199: 
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Standard, C. I. No. 446: 
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Bosses ery: epee eT el cae Ta ae eee) eres 78 |r g4 || Pate i ie Fe al ees Res be) teen 5.1 


Acme broomeorn (C. I. No. 243) was grown one year at each of the 
stations except Columbia. The infection varied from 12.1 per cent 
at Rosslyn to 37.2 per cent at Brooklyn. A selection of Acme 
(C. I. No. 248-7-2) also was grown at the same stations. The aver- 
age percentage of infection at Manhattan in four years was 9.5, the 
lowest (2 per cent) in 1917 and the highest (14.1 per cent) in 1919. 


o 
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At Amarillo the average for four years was 13.4 per cent, the lowest 
(8.8 per cent) in 1917 and the highest (15.1 per cent) in 1919. The 
percentage of infection at Rosslyn in 1920 was 13.2 and at Brooklyn 
in 1921 21.1 per cent. 

One strain of Dwarf broomcorn grown at Columbia in 1915 had 
6.3 per cent infection. Dwarf broomcorn (C. I. No. 442) was grown 
at Manhattan in four years with an average of 8.2 per cent infection, 
the lowest (5.2 per cent) in 1917 and the highest (18.5 per cent) in 
1918. At Amarillo the average infection of the same variety in the 
four years was 15.2 per cent, the lowest (3.2 per cent) in 1917, and 
the highest (20.4 per cent) in 1919. At Rosslyn 10 per cent of the 
plants grown in 1920 were infected. 

Seven strains of Standard broomcorn were grown at Columbia. 
A total of 2,389 plants was produced, of which 630, or 26.4 per cent, 
were smutted. The lowest percentage of infection obtained was 1.1 
in 1918 and the highest (40.8 per cent) in 1916. Standard broom- 
corn (C. I. No. 446) had 5.1 per cent infection at Rosslyn and 23.1 
per cent at Brooklyn. It was grown during four years at Manhattan 
with an average of 10.8 per cent infection, the lowest being 9 per cent 
in 1919 and the highest (12.4 per cent) in 1918. At Amarillo the 
average for the same four years was 11.2 per cent, with the lowest 
(5.8 per cent) in 1916 and the highest (18.2 per cent) in 1918. Two 
additional strains were grown at Brooklyn, and 32 plants out of 105, 
or 30.5 per cent, were infected. 

These results indicate clearly that all strains of broomcorn are 
moderately susceptible to the covered kernel smut. 


RESULTS WITH KAOLIANG 


The kaoliangs (5) are varieties of sorghum which are extensively 
grown in Manchuria and elsewhere in northeastern China, where 
they are used both for human food and for the feeding of farm 
animals. Numerous varieties were introduced into the United 
States between 1902 and 1908. These vary greatly in height, earli- 
ness, productiveness, and other qualities. Only one variety is now 
of any commercial importance in the United States. This is the 
Manchu, which is grown to a slight extent in South Dakota. The 
South Dakota Agricultural Experiment Station has made a selection 
of the Manchu variety and given it the name “ Arco.” 

The kaoliangs constitute a distinct group of grain sorghums. 
They possess a slender dry stem, the internodes are long, and the 
plant bears 7 to 10 leaves. The panicle is compressed, with the 
glumes tightly appressed to the brown or white grains. The varieties 
introduced may be grouped into three classes: (1) The white 
kaoliangs, with white glumes and white kernels; (2) the blackhull 
kaolangs, with black siusake and white kernels; and (3) the brown 
kaoliangs, by far the largest group, containing a great diversity of 
varieties, characterized by brown or reddish brown kernels and 
black, brown, or red glumes. 

Data relating to the imoculation experiments on the various 
kaoliangs are presented in Table 4. 
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TaBiLe 4.—Results of inoculation experiments with spores of covered kernel smut 
on varieties of kaoliang at five stations in one or more of the seven years from 


1915 to 1921, inclusive 


Variety, strain, and station 
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Three strains of Manchu kaoliang were grown at Columbia, a 
total of 698 plants being obtained, of which 94, or 13.5 per cent, were 
infected. Manchu (C. I. No. 171) was grown four years at Man- 
hattan and Amarillo, the average infection being 15.6 per cent and 
17.1 per cent, respectively. At Rosslyn 6.9 per cent of the plants 
were infected and at Brooklyn 32.3 per cent. Manchu kaoliang 
(C. I. No. 328-1) was also grown four years at Manhattan and 
Amarillo, with an average infection of 21.9 per cent at the former 
station and 8.8 per cent at the latter. At Rosslyn 2.9 per cent of 
the plants were infected and at Brooklyn 56.3 per cent, the number 
of tia at both stations being small. 

Valley kaoliang (C. I. No. 309) was grown only at Brooklyn, where 
93 out of 151 plants, or 61.6 per cent, were infected. 

Shantung Dwarf kaoliang * (Mo. No. 22) was grown at Columbia 
in 1915, and only one infected plant out of a total of 276 was recorded; 
at Brooklyn only four plants were obtained, none of which was 
infected. Shantung Dwarf kaoliang (C. I. No. 293) was grown five 
years at Manhattan and four at Amarillo. In a total of 1,495 plants 
erown at the two stations only one infected plant was recorded. 
The same strain at Rosslyn and Brooklyn gave no infected plants. 
Possibly the infected plants at Columbia and Manhattan were not 
actually of this variety; in any case, Shantung Dwarf is very resistant 
to covered kernel smut. 

Two strains of Barchet blackhull kaoliang were grown at Columbia. 
Missouri No. 20 was grown in 1915, and 31 per cent of the plants 
were infected. Missouri No. 61 was grown in 1917 and 1918. In 
1917, 28.6 per cent of the plants were infected, but in 1918 negative 
results were obtained. The same strain was grown at Brooklyn, 
where 44.4 per cent of the plants were infected. Barchet kaoliang 
(C. I. No. 310) was grown at Manhattan three years, where an 
average infection of 31.9 per cent was obtained, and at Amarillo 
four years, the average infection being 30.2 per cent. At Rosslyn 
36.5 per cent of the plants were infected, while at Brooklyn only 5.3 
per cent showed smut. 

Mukden white kaoliang (C. If. No. 190) was grown three years at 
both Manhattan and Amarillo, with an average of 8.4 per cent 
infection at the former station and 10.6 per cent at the latter. 

Brown kaoliang (Mo. No. 40) was grown three years at Columbia, 
with an average infection of 10.6 per cent. Chusan kaoliang (C. I. 
No. 324) was grown during four years at Manhattan and Amarillo, 
with an average infection of 6.2 per cent and 4.4 per cent, respectively; 
at Rosslyn 6.5 per cent of the plants were infected and at Brooklyn 
47.1 per cent. Choonchun kaoliang (C. I. No. 413) also was grown 
four years at Manhattan and Amarillo, with average infections of 
1.5 per cent and 1.8 per cent, respectively; at Rosslyn 1.6 per cent 
infection was obtained and at Brooklyn 36.4 per cent. Parker 
kaoliang (C. I. No. 424) showed a 4-year average infection of 3.5 
per cent at Manhattan and 6 oe cent at Amarillo; at Rosslyn, 2.4 
per cent of the plants were infected. Brown kaoliang (S. P. I. No. 
38463) was grown at Brooklyn, but only 14 plants were obtained, 
none of which was infected. 


9 This so-called dwarf kaoliang (C. I. No. 293 and S. P. I. 22010) is different from the rest of the kaoliang 
group, according to C. R. Ball, and probably represents either a selection or a hybrid from one of the near 
durras from India. 
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From the results it is evident that one variety of kaoliang, Shan- 
tung Dwarf, is very resistant to covered kernel smut. Manchu 
kaoliang, on the other hand, is very susceptible. The other brown 
kaoliangs showed considerable evidence of resistance except at 
Brooklyn, where the percentage of infection was high. Barchet 
proved rather susceptible and Mukden only moderately resistant. 
As a group, the kaoliangs are not so susceptible as the kafirs or sorgos. 


RESULTS WITH KAFIR 


The kafirs (3, 7) were first introduced into the United States from 
southeastern Africa in 1876. At that time two varieties, White 
kafir and Red kafir, were exhibited by the then Orange Free State 
at the Philadelphia exposition. These were grown in Georgia for 
several years and thence distributed to the southern Great Plains 
area. Recently a number of additional varieties have been intro- 
duced from southern Africa. | 

The kafirs are the latest of the grain sorghums commonly grown 
in the United States. They are distinguished from other groups 
by their stout, stocky, semijuicy stems with short internodes and 
overlapping leaf sheaths. Six varieties are grown, all commonly 
but the White. These are White, Blackhull, Dawn, Sunrise, Pink, 
and Red. White kafir was one of the earliest introductions. It is 
rather dwarf in stature and is the earliest of all the kafirs. The 
glumes and seeds are white. It has very largely passed out of 
cultivation, although it was grown extensively some years ago. Its 
chief value is its earliness. 

The exact origin of Blackhull kafir is not known. It may have 
been .brought with the first introduction of Kafirs from southeastern 
Africa. It has been grown more extensively than any other kafir, 
as it succeeds well in most of the Great Plains area. It is char- 
acterized by black glumes and white seeds. 

Sunrise and Dawn kafirs originated from a single head selected 
in the autumn of 1906 in a field of Blackhull kafir by A. H. Leidigh, 
then superintendent of the Amarillo Field Station. The seed of this 
head was sown the next season. From the resulting crop, selections 
were made by Ball (7), from two of which Sunrise and Dawn kafirs 
were developed. Both resemble Blackhull kafir, but mature earlier, 
while Dawn is dwarfed. While the exact parentage of the original 
head from which these varieties have been developed is not known, 
the earliness, variable stature, and scarcely exserted heads and 
smaller kernels of the progeny indicate hybridization with White kafir: 

Pink kafir, Deby the result of a natural cross between White 
and Red, was found growing in Kansas about 1905. It also has been 
introduced direct from Africa (S. P. 1. No. 19742), whence it was sent 
to Chillicothe, Tex., in 1908 and grown there. It is characterized 
by pink seeds and white glumes and is somewhat later than White, 
which it resembles in manner of growth. The heads are rather 
intermediate in length and shape between those of Red and Blackhull. 

Red kafir was introduced from Africa at the same time as White. 
The seeds are red and the glumes are dark red to black. While it 
was formerly grown to some extent, it has now been replaced largely 
by ue Blackhull and other varieties which usually produce higher 
yields. 
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The results of the inoculation experiments with kafir are shown in 


Table 5. 


TaBLE 5.—Results of inoculation experiments with spores of covered kernel smut 
on varieties of kafir at five stations in one or more of the seven years from 1918 
to 1921, inclusive 


Number of plants grown | Percentage of plants infected 
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Variety, strain, and station | | | | 
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TaBLE 5.—Results of inoculation experiments with spores of covered kernel smut 
on varieties of kafir at five stations in one or more of the seven years from 1916 to 
1921, inclusive—Continued 


Number of plants grown Percentage of plants infected 
Variety, strain, and station | | | | | | 
1915}1916}1917|1918 1919/1920 1921/1915)1916|1917/1918 This 1921 = Abie 
Pink, Mo. No. 37: | | 
@olumbias<— a eli eB 13452] e eee eee ee ee aes | Pe M6n9|25 10). 2 spas cl Seat e655. 
ISTOO Rely Fleet ae ee ere Re [ee ce aie ee LS ee iio hee Es ED) (I (5%. 7 A E7/ 
Pink, Mo. No. 94: 
Golwmbia] ese fie ee ee le toa) ee ee Se ey ee CVE (A nen emewel Semel n BW) 7 
Rosskye LeU PTL TV AS [Le OTA | SEO ieee od ue ee ERS Td. 0---- 14.0 
Pink, C. I. No. 4382: I 
AVES ri GGA wee et rt See eae 105 3) feet! ea IB ees | ek | (5 a 12. 4137. 5/44. 6/59. 3,____[.___| 39.1 
PAGIATILIO? Ble 2) ir Geary sete woe a 2 2A 234 iS LiPG94e sees eal een 12. 9)14. 1/29. 0/30. Silas steam 2591 
ECOSS [ee toe ed de ye Sr aie Be Soll ee | Ne 7) Wee ae SR LS, S| ee Pee =| LSs ol eee Lea, 
Pink, Kansas station: | 
INES aL eG) 0) Se ee ne Ge fey 28 ee en ee eet G6|. 443] 5 22 |e ae eo ee ale os 22. 7/39. 5|..--|.-.-| 29.4 
J ATCC THUG) pays yO lard eo phaser Ee eval aed loons | aed plains a AG Jee] Sy El Pee) | egret (nee 29%; G| eee | ee OG 
Pink, F. C. I. No. 1930: 
Tedqoyn id Kyneton a TE ee ee ee ee ae ae eee PAN] Ig |S la 2 | Ee oe OMe a130 
Pink (late), F. C. I. No. 9489: 
Brooklyn: 34) ete 52 Sh et Bl lee ela oes G4). e| Saal | ae et £9143 08)) 94328. 
Pale Red, C. I. No. 316: 
Manhattan’: 22302 Pee Fete aE Fe. GSR 7S ee2G] et sy es 114. 7/28. 9/42. 3/38. 3/34. 4|____| 30.7 
ES TOO RNY Eee a eae Be ps chee albedo wll at a0) FR eee Sa ef 2 I eo 50.0) 50.0 
Amaritte td. 35 OLE P| TA JOT. Peay) Ree Oa 668/53) 627 Sastopee hy 23. 5 
PRYOSS iyi ae ie ee Bre hres eT Dal ree eee woe sb et a a oe 14a Sia 14s 
Red, Mo. No. 1 
@olumpiaisre sees rete 229) saa egree | SSF alee Bee pe | (1 (5) | Pf | Se Pee oe) Gi 16.6 
Red, Mo. No. 36 
Columbia ks ge eA HOES SS le LOO 4:7 a ee OA SI ee, 3622/4950) 100 Gens see ae |e stine 
IBTOOK ly: Ree eS eg ee ee a er a a eG) ea (Pea ee ee a LES EGY), uaa 
Red, Mo. No. 80: 
@olumipiaes: 8 55 st vewen dea eb Pues Ui) cee | 2 eee bk Se I | 2 TN 20| Lees |e eI 753 
TOO Relive ns ee ee kee eee (eel [eel ee Se ee eee 25.0) 25.0 
VOSS iymnese raed Sy PRE! Pl eS TAIL See | Ps BY laresa oe od LSPS REE SACS a Sb al 
Red, Mo. No. 90 
ROOTED YS a SAEED 2 BE SE Ree 26) agra |e eg yao Payee oes tec fae tae 1 a7 4 ak we Je pero beel yaa: 
IBnOOKK ly re 5 Beales hes eis fe ga 82 ek | ea |----|--z- OIE papa |e | AE gD ce | RP \36.4| 36.4 
ORT TLRS = eMC EMER NS UENO FA al PAPI ESR (ae ee Pel ae, eae [eee a | eel eal Fey 1 WB aw RR 
Red, Mo. No. 202: 
TBY0f0) cel ro ee aS ES ae Se PS FR eed [ee See (Ei ee [des ao JE cae | = 7) ee | eee) ent ie (ae | S| 18.8} 18.8 
Red, Kansas station: | 
Wien lia iiamoh 5s, aces ae ie peek fewest | yn ed Eat Cydia ee alte he | ae eeetay i I A | Vie 34 See Aas. 
Red, C. I. No. 34: 
MarhattanGe® - fs kek ale 8S LOT AAS ASS AQ Se | ees 16/8/69: 1123; OBO 72 Sa De 
TEST OOS y Ree eee OS eg se) ASE a Ba) Pays A Ds} pas | (8) Pe 65. 5} 65.5 
IRINATINOL Ahem eek. SALE hee Ee! 112) 78 DAWN CVA |i aed NE eau a OESIras SiO) 120 hl aaa a eee 19.2 
picckymats Maer se ae Te CRS be chlo! ers ee isi Sele pies 50154 Woe B47 
Red, C. I. No. 323: 
PS TOOK yirieee ke pee ea Se PRE ESS EN Oo a SOlb SUES Oe SEL EWE: |Rkd wh aun 24.2) 24.2 


Eight different strains of Blackhull kafir were grown at Columbia, 
and ‘all proved to be highly susceptible. A total of 1,658 plants 
was obtained, 581, or 35 per cent, showing infection. Three of the 
same strains were grown at Brooklyh, 13 out of 34 plants, or 38.2 
per cent, being infected. Blackhull kafir (C. I. No. 71) was grown 
five years at Manhattan, the average infection being 10.5 per cent. 
It was also grown three years at Amarillo, where the average per- 
centage of infection was 12.6. At Rosslyn it gave negative results, 
while at Brooklyn 19.4 per cent of the plants were infected. Black- 
hull kafir (C. I. No. 204) was grown two years at Manhattan, the 
average percentage of infection being 24.4. At Amarillo 26 per 
cent of the plants were infected, at Rosslyn 33 per cent, and at 
Brooklyn 61.1 per cent. Blackhull kafir (C. I. No. 207), grown six 
years at Manhattan, showed an average infection of 16.2 per cent, 
while the 4-year average at Amarillo was 19.3 per cent. At Rossl 
21.1 per cent of the plants were infected. Blackhull kafir (F. C. I. 
No. 2036) grown at Brooklyn showed 45.3 per cent infection. Black- 
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hull (Africa, C. I. No. 321) was grown four years at Manhattan and 


three years at Amarillo, the average infection being 24.1 per cent . 


and 24.2 per cent, respectively. At Rosslyn 3.4 per cent and at 
Brooklyn 41.2 per cent of infection occurred. Blackhull Dwarf 
(C. I. No. 628) was grown only at Brooklyn, where it showed 51.1 
per cent of infection. 

One strain of Dawn kafir was grown at Columbia in 1915, 16.2 


per cent of the plants being infected. Dawn kafir (C. I. No. 340) | 


was grown at Manhattan six years and at Amarillo four years, the 
average infection at the former station being 14.3 per cent and at 
the latter 17.1 ae cent. At Rosslyn 42.3 per cent and at Brooklyn 
43.3 per cent of the plants were infected. Dawn kafir (F. C. I. No. 
1932) grown at Brooklyn showed 36.6 per cent infection. 

Sunrise kafir (C. I. No. 472) was grown five years at Manhattan 
and four at Amarillo, the average infection being 22.9 per cent and 
21.6 per cent, respectively. At Rosslyn 29.2 per cent of infection 
and at Brooklyn 39.3 per cent was obtained. 

A strain of White kafir was grown for one season at Columbia, 9.3 
per cent of the plants being infected. White kafir (C. I. No. 252) 
was grown four years at Manhattan and Amarillo. At the former 
station the average infection was 24.7 per cent and at the latter 
15.8 per cent. * White African kafir (C. I. No. 314) also was grown four 
years at both Manhattan and Amarillo, the infection percentages 
being 21.4 and 20.4, respectively. At Rosslyn 31.1 per cent and 
at Brooklyn 17.9 per cent of the plants were infected. 

Two strains of Pink kafir were grown at Columbia, Missouri No. 
37 for two years and Missouri No. 94 one year. The former showed 
62.3 per cent infection and the latter 32.7 per cent. Pink Kafir 
(C. I. No. 432) was grown at Manhattan and Amarillo four years, 
with average infections of 39.1 per cent and 25.1 per cent, respec- 
tively. At Rosslyn 18.5 per cent infection was obtamed. A Pink 
kafir from the Kansas station was grown two years at Manhattan 
and one year at Amarillo. At Manhattan 32 out of a total of 109 
plants, or 29.4 per cent, were infected; at Amarillo an infection of 
29.6 per cent was obtained. Pink kafir (F. C. I. No. 1930) was grown 
at Brooklyn, where an infection of 31 per cent was recorded. Late 
Pink kafir (F. C. I. No. 9439) at Brooklyn showed 43.8 per cent 
infection. | 

Pale Red kafir (C. I. No. 316) was grown five years at Manhattan 
and three at Amarillo, showing 30.7 per cent and 23.5 per cent of 
infection, respectively. At Rosslyn 14.3 per cent and at Brooklyn 
50 per cent of the plants were infected, the number of plants in each 
case being small. 

Four strains of Red kafir were grown at Columbia, 215 plants out 
of a total of 775, or 27.7 per cent, being infected. Red Kafir (C. I. 
No. 34) was grown four years at Manhattan and Amarillo, the aver- 
age infection at the former station being 21 per cent and at the latter 
19.2 per cent. At Rosslyn 54.7 per cent of the plants were infected 
and at Brooklyn 65.5 per cent. A Kansas station strain of Red kafir 
at Manhattan showed 34.8 per cent infection in 1919. At Brooklyn 
a strain (Missouri No. 202) showed 18.8 per cent infection and C. I. 
No. 323, 24.2 per cent. 

These results clearly indicate that all the varieties of kafir are 
very susceptible to covered kernel smut. 


ft 
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RESULTS WITH DURRA 


Apparently the durras (3, 7) were introduced into the United 
States from the Barbary States of northern Africa, where the leading 
variety of sorghum is a white durra called bechna, or beshna, by the 
Cabyles of Algeria. It is practically identical with the variety in- 
troduced into this country as White Egyptian corn. A very similar 
white durra is found throughout Turkestan, Mesopotamia, Syria, 
and Arabia. <A red-seeded durra, very similar to our Brown durra 
and probably the original form of it, also is found among the moun- 
tain tribes of Algeria and in certain parts of the northern Sahara. 
This variety, however, has not been found in Arabia or elsewhere in 
southwestern Asia. In India many varieties somewhat distantly 
related to our durras are grown. ‘They constitute the principal vari- 
eties of kharif jowar, or the monsoon sorghum, crop, which is sown 
in June or July and harvested in October or November. 


‘TaBLe 6.—Results of inoculation experiments with spores of covered kernel smut on 


varieties of durra at five stations in one or more of the seven years from 1916 to~ 
1921, inclusive 


Number of plants grown Percentage of plants infected 
Variety, strain, and station | | | | | | 
1915 1916 anke 1919 alee 1915/1916) 1917} 1918|}1919/1920| 1921 aes 

Brown, Mo. No. 30: | 

Cokin Tine a 25 oe ese TB Ee ee) PROh WIO) S59) 5 42_ | S428) 5 32 8] FS 2420/38: 21326) 22) a eee Lesa 44550 
Brown, Mo. No. 74: 

OT) PEIN UE Eee ae ee Se aren Oe PS OD pees eee ete oe pee oe [EA CLs Ree eee FEO 

Brookdyite. 282 9 Sb pt oa Ee [se eS eres | a ee 10 2 ee ea See eee aes oe 50.0} 50.0 

UOSSIV Ties Sac e ee eeee s poe Te pe eer | NY SO Seo fae a Bol eeee | a ao ee OS Ot ae ONO 
Brown, C. I. No. 183 

Wianhattianss--- sos: eee | SoA e AS le OS laa ae | ee TESS) 71), 828}25 01 = a |s hee 

WAmmariiigs® Si Liie sh2 vale pees) ER 3ANES3 |S 7[A269) a | 8. 8/11.-3/30. 7/10. 4|____|____| 15.5 
Brown, C. I. No. 246: 

Wanhattdi= 24222580) 5-- Pepebe ha SS) S0| LOO! G9 i= |e saa ees 36. 8}12. 8/48. 0/33. 3/.-__|___- 32.8 

Am pyillos.. 8450 Ave Pee Fea kT ASH200 | 1072885) S 2 | Sar es 30. 8/49. 5/37. 4127. 8|__.-|-__- 35.5 
Brown, S. P. I. No. 17537: | 

Manhattants: 20k nasa 147 Go> 438/49 7aee 2k eae 136)44: 8130. 2] Brot 2 11.0 

imarillow sss ast 3 es 2 Pe ee 19} 229) 803) BOL). Heal ta 10.5} (BHd126. 242 Gloxbe | gael 11.3 
White, Mo. No. 6: 

Oolumbiat fests fs See Es OG)! <b epee ly [Eee SE [se Sa SE OP (EE ee ee | bE. eea@ 
White, Mo. No. 16: 

Columpis: 2 sss bathe, eS ba) ae eae | a a fae dt heel | aca | pe ELA OS Pape 8.6 

IBY OO KL Vaan se oe ieee ee BS a a ae ssretaea HR Yes | eee Pe A Mea aS eee | os 50.0) 50.0 
White, Mo. No. 32: 

OU) Fbesleye es eee eee Peet Se ee DBT) ISS LON ease ae ee ESAS YTS LS AIe OLS ee ae ae 88 |G 22 ae 
White, Mo. No. 200: 

TESS) easy wae th sg Pe RU Ne ye ee earns Na cost Heong aN SOE eg ST BO Bal 41.9} 41.9 
White, C. I. No. 81: 

Mianhawigin- 220s beer eee pin 74) 165} 48) 34! 101/____|____|14. 9/10. 3)25. 0/52. 9]12.9)____| 16.8 

I LOORUY NEST Ply. Feet fer rede yf Ge ol hye fp ee AOE MIO E eke | Pee Aa Be fe 82.8) 82.8 

cANTI ATO waLened awk BAM Pe GOP SOL E203 ie eae eee O52 Oe 2) 5/4624 see pees ORG 

EVOSSIAMHE a estat abate sem. FF AL 2 dae Re pe ee ST) eres Pale a PPMP A ie eal baal pes 
White, C. I. No. 437: 

Man attarne ss seo Se fae bs fara ss G5] OO SEG sass eae O55 On al ealeos Ola aee| eee 2.9 

ASTINT HE Ors BPR Rae es Cop tt Ba} 2 OL EROS) Boe) oe ae 0) FOL MEO y Giese .8 
White, C. I. No. 529: 

Wranbattan ss se AAP Ly oe AH AU G25 2 SE Ce ee he US ice) ea Pane bs Ue ol 7 

Srey (Cee eee Bee a ae ee SCE Pe a Fey AE OF gob bbe Tok pelle 2 
White, S. P. I. No. 14518: 

Manattans i $2 2hce 52225-5406 SEY Pye 328 Cee ae Vest] bea ES Ee) ee eg We 2D 0 

JANTVATELLGQ (322 ales i A 8 a ESTAS 0) (eae: 42) [ae eae a ea 0 C7 A es el a 9.5 
White, S. P. I. No. 14628: 

iWantialvatews 28 2 gael el |e of TAO ELSS |e Lee eee all ar | ee Oo SOY 024 | se 212 ae eee 0 

SAS ARE eee eed ee es ge AS P4538 | aes P202i sees: alent Ope Ocoee eat eee na! 
White, S. P. I. No. 17535: 

AVERT RECA ae 8 tees eee OE 2 EL 1531 LGls eH poole = 1e ee eae Pie ere) et pee Se | oe 2153 

Amarillo. 4 ee a Be ee LE G60}! 324) IA5} 618) 3. ee 10. 0)15. 4/39. 1/16. 4)__-_}__-- 18.3 
White, 8. P. I. No. 38502: | | 

WiartHatbane- toe ose tek beets Lo Dales OU| Gal oe- len. aoe 13:.0/16. 7/16: 4.4) eee 3 

Warariguccs.- oy. ilen pers {| bs 30/121 61922) VAN Pee epee 2 6. I 2.8) 9.1] 0 | 2 2 Nae DAS 

106639°—25}——_5 
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The durras now grown in the United States constitute a group of 
the grain sorghums closely related to feterita and the milos. They 
are characterized by slender to midstout dry, pithy stems. The 
panicles are short, broadly ovate or oval, and compact. The glumes 
are greenish white, densely pubescent, and not transversely wrinkled. 
The seeds are very much flattened. 

Two varieties of durra are grown in the United States—White 
durra, with white seeds and awned lemmas, and Brown durra, with — 
brown seeds and awnless lemmas. White durra was introduced into 
California about 1874, where it is commonly known as White Egyp- 
tian corn. A few years later this durra was grown to some extent in 
the southern Great Plains States under the name of Jerusalem corn. 
Brown durra has frequently been known as Brown Egyptian corn, 
but it has never been agronomically important. Data from the 
infection experiments with the durras are presented in Table 6. 

Two strains of Brown durra were grown at Columbia. One strain 
(Missouri No. 30), grown during three years, showed an average 
infection of 45 per cent. A second strain (Missouri No. 74), grown 
in 1918, gave negative results, but the same strain showed 10 per 
cent infection at Rosslyn and 50 per cent at Brooklyn. Brown durra 
(C. I. No. 183) was grown four years at Manhattan and Amarillo, 
the average at Manhattan being 12 per cent and at Amarillo 15.5 per 
cent. Brown durra (C. I. No. 246) was also grown four years at both 
Manhattan and Amarillo, the average infection being 32.8 percent and 
35.5 per cent, respectively. Brown durra (S. P. I. No. 17537) was 
grown four years at Manhattan and Amarillo, with an average infection 
at the former station of 11 per cent and of 11.3 per cent at the latter. 

Three strains of White durra were grown at Columbia. Negative 
results were obtained on one of them in 1915, while another showed 
8.6 per cent infection. The third had a 3-year average infection 
of 22.4 per cent. White durra (C. I. No. 81) was grown for five 
years at Manhattan with an average infection of 16.8 per cent and 
for four years at Amarillo with an average infection of 19 per cent. 
It also was grown at Rosslyn, where it showed 22.2 per cent infec- 
tion, and at Brooklyn with 82.8 per cent infection. Another strain 
(Missouri No. 200) at Brooklyn showed 41.9 per cent infection. 

In addition to these strains of the common Brown and White 
durras a number of other strains of White durra were grown at Man- 
hattan and Amarillo. 

White durra (S. P. I. No. 14518) received from the Bombay Presi- 
dency, India, showed 9.5 per cent infection at Amarillo during three 
seasons and no infection at Manhattan in two seasons. This is a 
very tall strain which appears to have little agronomic value. 

Another White durra (S. P. I. No. 14628) received from the Bom- 
bay Presidency has proved to be practically free from kernel smut, 
only one plant in 688 having been found to be infected at Amarillo 
during three seasons and has produced no smut in 369 plants at Man- 
hattan in three seasons. This strain seems to have no special agro- 
nomic value. 

On the other hand, White durra (S. P. I. No. 17535) from India 
has proved quite susceptible to the kernel smut. It was grown for 
four years at both Manhattan and Amarillo. At Manhattan 21.3 
per cent of the plants were infected and at Amarillo 18.3 per cent. 
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This durra is more promising agronomically than either of the two 
previously mentioned. 

A White durra (C. I. No. 529; S. P. I. No. 24305) received from 
Limavida, Chile, has proved practically free from kernel smut, only 
one smutted plant being recorded at Amarillo and one at Manhattan, 
where it was grown two seasons. It is a typical White durra, with 
compact ovoid heads, pithy stems, few leaves, and slightly flattened 
white seeds. 

A White durra (C. I. No. 437; S. P. I. No. 28995) received from 
Merv, Turkestan, has proved very slightly susceptible to the kernel 
smut. Meyer mentions it as’a good quality of djugara grown by the 
natives. It does not seem to possess any special value for either for- 
age or grain in the United States. This strain was grown during 
four years at both Manhattan and Amarillo. At the former station 
2.9 per cent of the plants were infected and at Amarillo less than 1 

er cent. 
7 White durra (S. P. I. No. 38592) obtained from Gizeh, Egypt, 
also has proved somewhat susceptible to the kernel smut. It was 
grown four years at both Manhattan and Amarillo. At Manhattan 
11.2 per cent of the plants were infected and at Amarillo 2.8 per cent. 
This durra appears to be of little agronomic value. 

Altogether, five strains of Brown durra were grown in the course 
of the experiments, and all proved susceptible. Strains of Missouri 
No. 30 and C. I. No. 246 showed the highest percentages of infec- 
tion. Five strains of the common White durra were grown, and 
with one exception, the Missouri No. 6 grown in 1915 at Columbia, 
showed some infection. Of the six recently introduced white durras, 
three (S. P. 1. Nos. 14628, 24305, and 28995) show marked resistance. 
While these do not appear to possess characteristics which fit them 
to compete with other sorghums in this country, yet their resistance 
to covered kernel smut may make them of some value in hybridiza- 
tion experiments with a view to combining this resistance with 
desirable agronomic characters. 


RESULTS WITH MILO AND FETERITA 


Milo (3, 7) was first noted in this country soon after 1880. It 
was grown to a considerable extent in South Carolina and Georgia 
and was widely advertised by a seed firm in Atlanta in the sprin 
of 1887. Soon afterwards it was introduced into western Texas an 
the drier sections of adjacent States. Milo has proved to be a suc- 
cessful crop in the Great Plains area, because it produces grain and 
forage under conditions where corn and other crops fail. As a result, 
the acreage has steadily increased. In the Southern States, how- 
ever, where milo was first grown, the crop has not been able to com- 
pete with corn. 

Milo has midsized pithy stems, which grow 5 to 8 feet tall; short 
narrow leaves; large ovoid, compact, and often pendent heads; and 
large yellow or white somewhat flattened seeds. The original milo, 
grown in western Texas under the old name of Giant milo, has been 
Brows greatly by selection. The improved varieties combine the 
earliness and drought resistance of the Giant milo with uniformity 


- of height and ripening. 
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There are four distinct varieties of milo: Standard Yellow, Dwarf 
Yellow, Standard White, and Dwarf White. Standard Yellow milo 
is the direct descendant of the milo first introduced into this country. 
It has been much improved through selection for shorter stalks and 
earlier maturity. Dwarf Yellow milo is a selection from the Stand- 
ard Yellow. It is 12 to 18 inches shorter than Standard Yellow and 
yields better when grown under dry conditions and at high altitudes. 

Standard White milo is similar to Standard Yellow except that 
the seeds are creamy white, usually shading into yellowish pink at 
the tip, while those of the Standard Yellow are yellowish pink 
throughout. It possesses no special advantage over Standard Yellow 
and does not compare favorably with Dwarf Yellow in yield. Dwarf 
White milo bears the same relation to Standard White milo that 
Dwarf Yellow milo does to Standard Yellow. It appeared under 
cultivation a few years ago on the plains of Texas and Oklahoma and 
is well adapted to the conditions there. The results of experiments 
on the milos are given in Table 7. 


TasBLE 7.—Results of inoculation experiments with spores of covered kernel smut 
on varieties of milo and feterita at five stations in one or more of the seven years 
from 1915 to 1921, inclusive 


Number of plants grown Percentage of plants infected 


Variety, strain, and station | | 


1915|1916 1917 1918 1919|1920 1921 1915 1916 1917 1918 1919 1920/1921 pbc 


MILO | 

Dwarf White: | 

Mian attamteee sre seme sate eee |e | oem bepea eo ale 1 Seth) Uh (i UA a aS Ou) OY a Pad de ary le oer at 
Dwarf White, Mo. No. 205: | 

IB GOO ky Mies a ees cae rey Joe ay [eel | cite LEER fre SS SIU | SNe) NaS ts Wes 8 | a a Weel eee | Pe 0 
Standard White, Mo. No. 43: 

@olunibiae Be sce ee eS a ae 200 er Sli G4 eee eee = 5th Oe Ole Dy ae a Rae ee 0 
Standard White, Mo. No. 44: | 

Columbialys te eeeee. a Ae a ee eee O72. shee eae fee |e, 9 St ee Os erealee cee ete sees 0 
Standard White, Mo. No. 86: 

Colum pias eae eee See RS | a | ere pore | lied br |S rca ae | ed 2 Se Sk LLL) (EGU See eee .9 

VOSS yas i. eye Ru S8s Sea Lee ek ite eee S| eae sa. [erDOeoaes ne ee (eps (Tet Joep yy Gea 20 
Standard White, C. I. No. 352: 

Vian at fairy Senses Fe ieee Ue ee re 107! 167} 129! 68] 149} 80)____| 0 0 .8 0 0: 0 ait 

SB rOO kaltyet es Seng aa pe eee el ee | Ee a ee | ee ae GS yee ea a pemees 0 

IAT APTN OU ee Ae ar a ee sean ae 92) 268|° 43}°291) 222.2222) 22 1.1;0 |} 0 OO} seek asd Si 

TEVOSS Va oe cee Se ee eae S| sae enol | camel | oe el Eg CAG ee ee epee eget [a Pers O22 0 
Standard White, F. C. I. No. 5886: 

Broo klivate 5 sees ds Bt eee Bete eae led Se. ere ea epee eee M6 or) eee een | eee eee Seley Self pt 0 0 
Dwarf Yellow, Mo. No. 14: 

Columbia fy. sas ee aa ak ow 8 QOG spd ioee Eee € | se cea ieee ete & Olocsa) i haloes d aeeel eee ee 0 

IS TOO RL Visser ee oe alee a | ee [patie Ron seal Lea ec) UB eee nea el he Se 0 0 
Dwarf Yellow, Mo. No. 41: 

Wolumibp ray tos ee ae ee A eee CO YET WU) [Uae fee RAN | Fay SE HE S| RY O60) (eee soe 0 
Dwarf Yellow, Mo. No. 42: 

Columbia 22) Pe Poe eee me 200) TAO 4 LOS essa) see eee es 0 0 Os, [een eee 0 
Dwarf Yellow, Mo. No. 42a: 

Woliwmbial ese Sa ae SSPE 2052 S71 e DOE eee Sie ese OMT OD: AGO Aa e228 ee ee 0 
Dwarf Yellow, Mo. No. 63: 

Gohimpige ee 322 aN MAE SA ek See: 93/2479] ea 1C Me Alpe eA Re eee UK Oa) te an) te ele, § G2 oe 0 
Dwarf Yellow, Mo. No. 67: 

ColtmMbiat oh eae ee ee eee ae Ob) Sale es2 22 le, ee Ot] On] SSeS eee eee 0 

1S sfofayed bya a eee Gey Oc Cee ener 500 6 Se pi a || ES SEERA | 20% Es ay | Be Ta ie 8 Oe) EE, a PP LY 0 0 
Dwarf Yellow, Mo. No. 68: | 

Columbias! 5 PLee seeks 1 Ses) See COKSETODE Sass Leee alow ae eR ei fe OPO: Sale ey ele eee 0 
Dwarf Yellow, Mo. No. 87: 

Wot Digan eo eee eee =e | eee aap 168 | pee al ace | ees | See mca lee Abi, ecee |e | oars 0 

Brooklyn. 2.0 e oer eee ee Pea AS ee Ee $220) J29) seal le se ee aa 0 0 

VOSS) yn Soe kee ty Poe ae [2k San ee As S| ae 1p fame fica S| RRR] Re 2 SE LN ee 0 
Dwarf Yellow, Mo. No. 95: 

@ohimbig= 2h. 54 eed 58 se sea ee eee) RAD ieee s dl ers | pe SD ekg |e ee Pee rd besos ses 0 

OSSIAN ooo eo ee eee a eee tee al oR ae sens eee 66). 20)]-cen|ooee| voae eee eens Ulvees 0 
Dwarf Yellow, Mo. No. 204: 

Brooklyn. ve see othe Cate See eee | Re ele ee Aiea meee] see 18). S ILA cleeaclewaeleees 0 0 
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TaBie 7.—Results of inoculation experiments with spores of covered kernel smut 
on varieties of milo and feterita at five stations in one or more of the seven years 


from 1915 to 1921, inclusive—Continued 


Number of plants grown 


| 
| 


Variety, strain, and station | 
1915}1916|1917/1918 1919]1920 1921 /1915|1916|1917|1918|1919 1920 1921 Fee 
MILO—continued 
Dwarf Yellow, C. I. No. 332: 
Manhattan = )2. Ps) Fe Pa ae TSS 54 PO COD aes |e OLE-OS.A0 1) SR ha 0 
T3319] hp 0 Cees ene ERNE ec gi lee (SA Se fe, 2h) EES ee Daal | oe | eee: SSO 0 
Araarillo ¥! 2 USE CATA 91) 397| 133) 442)____|_-__|__-.|0 | 0 | 0 Uenee aos 0 
ROSS PT Fa poses 4 k= oe weet |e 2 et Be pe lye apa }E | Ee al | Se a ee fa ee a Sa ee OjEzee 0 
Dwarf Yellow, F. C. 1. No. 1933 
(IBrGokdinn! 350 Bc 22 Re ee ye ne ee Ce ee ae 25) BEE ieee Ss ES EO Be Pee 0 0 
Dwarf Yellow, Kansas station: 
RAN antares ote eee Mee MOE oul Reet) eae ee 1S ryjabh S| Pet pian Sy wad fa he 0, 0 0 
Standard Yellow, Mo. No. 13: 
CONMHID 1a eae a ie oe oe 200|2 2 ssib 222 | Es 3| ees cee (8) eee |e eS RE Le | ees 0 
Standard Yellow, Mo. No. 75 
Colgmihia= 2328 a ee SR BG) Fe 2) pga | ee | a tee Cy | Cae fee 0 
Brey? So ASIEN EY pi UAE TN aha | ey den a | lary le ba ong DPA wel (yay eae (Sho ae tei LD) 0 
Sys ee a cage He erga | [a ae to ae 22 \2 5 | Sa 2 ee ee Oleestro @ 
Standard Yellow, Mo. No. 81: 
@oluiaiiy ees Ll es ee her Tee le re: Ee: 27 Pd ie eae BS El eS ER Bee (tg Be Nee eae RBS 0 
BROOK yes oe yates aoe Roe Ri PME eal ee a a Zo fe petal ees a || Sp Aes | pe te ata 0 
ES Re OT a a el ey a ety tee Ba el ae cy a ay hae Ee St pte be 9) 
Standard ivallsas Mo. No. 96: 
GAG) [SHRTY STE a nets Sock alesis apenas hg oN ay ilo 12/5) ee (a eae eS ee ee Qs | eat | ee, [aga 0 
Braokiyiis fy eee EEE eee te ea ee MAS 2S te TN Ree ee pepe bat) 0 
TROSS Tigi eek i eS ate ee eS |: 15) ee eee (mel = | Seg oe ER Se | etqO| Se O 
Standard Y ellow, C. 1. No. 234: ee | 
Manhattane 0 0 2 eee TGQ. ew WSO) AB at blero OF L720 Stop leeed 0 
IBS TOU Rhye seen ee ee me eee es fe a a ee me ool 0 0) Laem AT | ee (a Bese 0 0 
CANTIAR INO (a= Shr WESTIE aid 2 56| 292) 114) 264)____|____ eS OREO) O QiEeses ee 0 
ELOSS iy peer se Ce ec a UR Wl ee a Sf SAAR 51 (eS a A fe Rea) (er (1) A Fen) 
Siaudard® Yellow, Hays, Kans.: 
Wharha thane lacey ff ON Ee ihe otf ees oe ere Ot SOL eet Fee ee ee 0; 0 0 
FETERITA 
Mo. No. 12: | | 
Colum at sere ee Pi se a P| Paver | [Eee Sl (AL, BONE a | ar (0) ee IE eet IT Oe een! | aes |S 0 
Pinion: set eles Pee Sete eG | es pelcd i. a: if 1 | ee |e ES ER 0 0 
Mo. No. 27: | 
Mohan pas see: es en ce fen G05) feel a 4 ited egy tree fit alte Se 1.0} 0 ~---/---=|-=-5 .6 
TOOK bya eee seks Te Pyaar CEP ET ILE AE ae PR |e Db?) SS es EA |S SO rere PRE on (Eee 8.3) 83 
Mo. No. 28: 
Colt pings eee ee Se 230 OS) Tass e 2 ee ke eg 2 a2 Ds AO (cae VA .8 
Mo. No. 29: 
AC TVA TUS D1 eae otk Nei greets aie eat ty lili lle doo) tect weet tne Ne Mt tl mange i Be 854 (ea Me gS es oN [a cates ~o 
Mo. No. 72: 
Cela Dinas ee ee ee al 115 1G) ees ee |e ee ees i Ba ee lees eaters | et = 0 
Mo. No. 83: 
ahem iders he eee he hd C474] SS) is | ae [sy (eee (ee QO) E[heoe |e eS 0 
Mo. No. 201: | 
B2) 0 de Sec: See a eee ed Oe Res Ae ees LEE fesealt TQ a ee eee Bee 10.0; 10.0 
C.1. No. 182: | } | 
Manhattan’ ite) 2 sa es | OO5F 1Ab P73) 1111 236) -80(2222)-0 10 0 0; OO 0 
Broo kiya et Ch ee eee rear al Be pera Wn | (Een Ty 5 ean ee eae (ea) Ps 0 0 
OTE CLS SiR RES A Sala SI (iis yh oe | ea Yd is a i A OO: eee ORE ree 0 
F C.I. No. 1931 | 
IBEDOKIMM see mee oe eee om fe Fa seras| core ale <r are eg 8) Ey |e ee 2 ee fae I 0 0 
Dwarf, F. o. I. No. 811: | 
Brooklyn Bee a Pee eee, Fhe Te 8 ee et 8) es eee Peres | Pari y (fey tetas Hee are) Lenn) by eee | rece Renee 0 0 
Spur, Texas station No. 3232: | 
Ai grbeppaas 625265. gc85 22} 222 Pehl sh My EE OU (| Saas SAS A ye aS ee Opis os 0 
IBTOGR yt ese eres eon Bn ee) (ee Fee ee eae Pr Fee | a (ree eee 0 0 
AaigaOe ee otis. TRE ee et Vk AAD 15252 331i | EE ae ee, Wee a re ee Of Ase 0 
Spur, C. I. No. 623: | 
RWraniaugareere ee SZ ee A ee Bee ese) Mls SH Saks | ety LOT Ge SO |s228 (eons tee ees [ese 0) 0 0 


Percentage of plants infected 
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One strain of Dwarf White milo was grown at Manhattan in 1920. * 
(Table 7.) Nosmutted plants were found in a total of 131. Another 
strain of this milo was grown at Brooklyn in 1921. Only 13 plants 
matured, none of which was smutted. 

Three strains of Standard White milo were grown at Columbia; 
only one plant out of a total of 653 was infected. Standard White 
milo (C. isos 352) was grown six years at Manhattan and four years. 
at Amarillo. At Manhattan one plant out of a total of 700 was 
infected and at Amarillo one plant out of 694. Two different strains 
were grown at Brooklyn and at Rosslyn, but no infected plants were 
obtained in totals of 114 at Brooklyn and 95 at Rosslyn. 

Out of a total of 2,256 plants of Standard White milo grown at the 
various stations, only three infected plants were observed—one at 
Columbia, one at Manhattan, and one at Amarillo. The smutted 
plants at Columbia and Manhattan may have belonged to some 
other susceptible variety of sorghum. An uninfected plant of other 
varieties was occasionally found in the rows, but this was easily 
recognized and removed. The smutted plants, however, could not 
be identified positively. 

There seems to be no doubt that the infected plant at Amarillo 
was Standard White milo. Only a portion of the head on this plant 
was infected. A few sound kernels were obtained and sown the fol- 
lowing season, all of which developed typical Standard White milo 
plants (PI. X, fig. 2): : | 

Nine strains of Dwarf Yellow milo were grown at Columbia. A 
total of 1,912 plants was obtained, none of which was infected. 
Some of these strains were grown also at Rosslyn and Brooklyn, with 
the same results. Dwarf Yellow milo (C. I. No. 332) was grown four 
years at Manhattan and Amarillo, with a total of 1,564 plants. At 
Rosslyn 555 plants and at Brooklyn 89 plants of this strain were 
erown. At Manhattan 223 plants of a strain from the Kansas 
station were grown in 1920 and 1921. In no case did any infection 
occur. 

Four strains of Standard Yellow milo were grown at Columbia, 
with a total of 455 plants. Standard Yellow milo (C. I. No. 234) 
was grown three years at Manhattan and four at Amarillo, a total 
of 1,051 plants being grown at the two stations. At Manhattan a 
strain from Hays, Kans., also was grown two years, with a total of 
206 plants. At Brooklyn 178 plants of different strains were grown 
and at Rosslyn 184 plants. o infection appeared in any of these 
experiments. ; 

It is very evident that all the milos grown possess remarkable 
qualities of resistance to the covered kernel smut. At all five of the 
stations a total of 4,529 plants of Dwarf Yellow milo was grown 
and no smut observed. (Table 7.) In view of these results the data 
reported by Kulkarni (64) are not only interesting but worthy of 
further consideration.” Kulkarni obtained seed of Dwarf Yellow 


10 Since this manuscript was prepared, one of the kernel smuts was reported as occurring in yellow milo in 
two localities in Texas and one in Kansas in 1923. B. F. Barnes, superintendent of the Colby Branc 
Station, Colby, Kans., found a few infected heads in Dwarf Yellow milo at that station. E. W. 
Thomas, county agent, Plainview, Tex., founda few smutted plants of the same variety in one field in Hale 
County, Tex. H. J. Clemmer, of the Dalhart Field Station, Dalhart, Tex., reported the occurrence of 
kernel smut in several fields of milo in that locality. He found 11 per cent of the heads infected in a 
part of one field. Samples of the smut and of the milo from these localities have been examined by 
members of the staff of the Office of Cereal Investigations and of the Kansas Agricultural Experiment 
Station and the identifications verified. 
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milo from the United States Department of Agriculture and after 
inoculation with spores of Sphacelotheca sorght and S. cruenta sowed 
it on the Agricultural College: Farm at Poona, India. Apparently 
the same lot of seed was inoculated with the spores of both smuts. 
A total of 645 heads was obtained, of which three were infected by 
S. sorghi (0.47 per cent infection) and 50 by S. cruenta (7.8 per cent 
infection). The three plants infected by S. sorght may have been 
some other sorghum, but the rather high percentage of infection 
with S. cruenta scarcely can be thus explained. Possibly Dwarf 
Yellow milo is susceptible to S. cruenta, although Potter (91) and 
Reed (97) have reported negative results. } 

Feterita was imported into the United States in 1901 from Alex- 
andria, Egypt. A second importation was made in 1906, also from 
Alexandria, although the seed originally came from the Sudan. In 
1908 an additional supply was obtained from Khartum, Sudan, 
where it was known as Sudan durra. 

Feterita is similar to milo in most of the characters of the stalks 
and leaves. Under Texas Panhandle conditions it averages about 
5 feet high, or about 1 foot taller than Dwarf Yellow milo. The 
panicles are erect, the seeds chalky or bluish white, and the glumes 
dark brown to black. Since its introduction it has been improved 
by selection and for some sections is a desirable sorghum. Dwarf 
feterita is a selection from the improved strain made by H. N. 
Vinall in 1909. The plant originally selected was only 21% feet 
high and was fully mature two weeks earlier than the general crop. 
This strain has not fully retained either its dwarfness or its earliness. 
Spur feterita is a strain developed at the Spur substation in Texas. 

Twelve different strains of feterita, including Dwarf feterita and 
Spur feterita, have been grown in the smut experiments at the 
various stations. (Table 7.) These have all proved to be strik- 
ingly resistant to the covered kernel smut. No infections have 
been noted in a total of 1,472 plants of C. I. No. 182 grown during 
three years at Amarillo and six years at Manhattan. Six different 
strains were grown at Columbia. Out of a total of 1,138 plants 5 
were recorded as infected. As mixtures sometimes occurred, pos- 
sibly the smutted plants were other varieties of sorghums present 
in the rows which could not be identified. Out of 277 plants grown 
at Brooklyn, 2 were smutted. There seemed to be no question 
about the identity of these smutted heads, for some seeds developed 
in both cases which were typical feterita. In any case feterita has 
been shown to be very resistant to the kernel smut, and the results 
verify the frequent observations that have been made as to the 
freedom of this sorghum from smut in the field. 


RESULTS WITH MISCELLANEOUS SORGHUMS 


A number of additional sorghums, for the most part hybrids 
between various members of the commonly recognized groups, have 
been grown in these experiments. Data from the inoculation experi- 
ments on these sorghums are presented in Table 8. 


TaBLE 8.—Resulis of inoculation experiments with spores of covered kernel smut 
on varieties of miscellaneous sorghums at five stations in one or more of the seven 
years from 1915 to 1921, inclusive 


Number of plants grown Percentage of plants infected 
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Variety, strain, and station | 


~ 


1915 1916|1917 Ba 1920|1921|1915|1916)1917|1918]1919|1920) 1921 Peal 
BROOMCORN X SORGO 
Amber Saccharine, C. I. No. 619: 
| En AthAn GU) e ct erch erat (Cea lie ald as Ce ae | OG PR Lee 25,'7|_-_|___1 25.7 
Golden Saccharine, C. I. No. 618: 
MManh attamee 6 20k 22h cigs a ae el ae pie) nee B9|L cutee Ure eee eee 12) Sige yea ys 12.8 
| DARSO 
Mo. No. 49: 
olunteer een 200 |) 10S] Rak | ee eee eee PO [ee] een eee ears 0 
BOO kl yn fer er her rae). ele SF | see SH oo 8 BS lige BW U2 ee ee ee eee, a Ep 0 
©. i. No. 615: 
IVA AG hare es, EE A a SB ae eee He ee Ops hes EEA A | ie 72 EO 0 
FREED SORGHUM 
Mo. No. 51: f ; 
Columpia 452. ete ee Ee SSS) LOO). ea sels se SI Pa |e AVA}. 850/252) 253 2B 253 
BBO G Kaliya a Pie Bek ee aR Da 1) ee an Hae Vp OI ER | 33. 3) 33.3 
S. P. I. No. 29166: 
Manhattan eee site bil oe alee k ee IZA I 530 | eet fen 74 |= ak pe 5) Ol Ogee 14s ae Ee ig) 
ISTO ORY Me at shea nahn, nde ogee ge el | ete faye ie aaa | eee ee el (a Fe (pase (ee | be Es A 33. 3] 33.3 
amarillo 053 01 Oe Mire ee ee ee 25) AB) ee WES 7 eta] Sere ee 450/20! 3,[ 2295 |2022020 CPE 2653 
EV OSS pyr oh Be Wee ee Nghe | 1A) Rh Ses FE FRAIL | EM WY tg 5. Slade os So 
C.I. No. 350: 
Wramhabbanst rs ee ae His Shae oe ee ete ene 688]: f SOlee ask | OF) 0 0 
DWARF HEGARI 
Mo. No. 45: 
Columbia 76) ah ee ae 200 |99 |e Gee re 2 cl ey Oe ee Ops AO sen): Oly) eee nl Spee Ne 0 
Mo. No. 84: 
C@olwmbigess 32 Gy EEE oT Baek aa eee OR fae FA eS ae sea id ie ee a 0 
FES OSS Layard KT || a 7) apenas Mest lh SRN] | CS 8 Ie a 0 
Seek No. 34911: 
Miami ater! 0s ere Big ne 2 oN Bah | eB ee eB pol) | ee, | ny a Ve eee ta: 2180 0 
TBH Oyo) ic inva age ae ms aol |e a | Ue EP ak pl Ni, | | 110 pest (LE ah (Ae Gea ed 22 le 0 i 
HUSSERITA i 
| : 
Hays, Kans: | 
| IV Week ra ea Gtk rice Te eH POA 72a) eel ame ee a le o.4| 7.7) 5.7 4 
; }| 
| KAFIRITA i 
| i 
C I. No. 548: , 
| aR a ig Sue i la sb i eT OT BU ee a eae ofo}.o0 wm 
| SCHROCK SORGHUM 4 
Mo. No. 38: :| 
WOM Daa 8 eo oe ee en eer 10,0 Degg 47-7 aN aap i tal ae 40: 6] 8. 5|___-|. 2 }2hec) 2 26. 2a 
IB TOOK yan 23.6 2 yeh hE ee PE ee SALE 98 ae Rae OR RC aR ty Foe 9 I. 15.4) 15/4 a 
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WOliM PIA se PMS gi P ALAN Ae PA EER AQ OI's SAG. Meaiea Siete |e. Eee BPs) AD ies | ero Mele ee eae "| 
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UAT G 2 8 - sens Sie Bs LES UN EE VES BBL ISOS) SESE PPE ee eS es 15. 8}16. 1j-_--|----| 16.1 9} 
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Manhattan te 2283. PRE eae ee ge ee PAN 2 AEE S3 at Bil [te ee Ye | aang eget TO LiSoh 5 Liew fl 
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Miantistttara 2 8 SUN 3 nal pel ch Pe6 si] fP facks Whip (ha an rk 16; 2) skeet 16.2 
Amarillo = Sep ps sue. sek a wee id oR Se’ Sal Oe age fa Gs (0 | pea re Pe ey be Gl FR 25: O) eet iep es 25. 0 | 
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SUDAN CORN ‘4 
Kansas station: | 
Manhattans.siveccul. SC Pea ee eee a 16} 80} ss 53) sts ool eae red 0 |}0 0 Wy 
Mo. No. 197: a| 
Brook yi st 528) 05 SOAS Ue BAS S| ea Se eae oe TOs S| el ees | Ae ee 0 0 ; 
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Hybrid broomcorn.—Two hybrids in which broomcorn was one 
parent were grown at Manhattan in 1919. These hybrids were 
developed by Samuel J. Weed, of Monmouth, Ill. The parentage 
of both was the same, namely, Early Amber sorgo and Standard 
broomcorn. These hybrids have juicy stems but produce brush of 
only mediocre quality, and they are not yet grown commercially. 
Both have proved susceptible to the covered kernel smut. One of 
the hybrids, Amber Saccharine broomcorn (C. I. No. 619), produced 
19 infected plants out of a total of 74, or 25.7 per cent. The other 
hybrid, Golden Saccharine broomcorn (C. I. No. 618), gave 5 infected 
lois out of a total of 39, or 12.8 per cent. 7 

Darso.—Darso was developed at the Oklahoma Agricultural Experi- 
ment Station, but its exact origm and history are not known. It may 
have originated from a cross between a sorgo and a kafir, as it pos- 
sesses some characteristics of both groups. At the Oklahoma station 
darso is a dwarf plant about 4 feet tall with a large number of leaves. 
It has short internodes and is comparatively free from suckering. 
The heads are rather loose and 10 to 12 inches long; the seeds, which 
are ovate, somewhat flattened, and of a reddish brown color, do not 
shatter. The glumes are black and cover about half of the seed 
when mature. 

A strain of darso (Missouri No. 49) was grown at Columbia during 
1916, 1917, and 1918. No infected heads were obtained, although a 
total of 327 plants was grown. It was also grown at Brooklyn, 
where 12 plants matured, but none was infected. Darso (C. I. 
No. 615) was grown at Manhattan in 1921, but no smutted plants 
out of a total of 80 were observed. 

The results indicate very clearly that darso is very resistant to 
the covered kernel smut. It raises the interesting question whether 
darso has originated from a hybrid between kafir and a sorgo, as has 
been suggested, as kafirs and sorgos are both susceptible to the covered 
kernel smut. It would seem more logical to suppose that some 
resistant sorghum, such as milo, entered into the original cross. 

Freed sorghum.—¥reed sorghum is named for J. K. Freed, of Scott 
City, Kans., on whose farm it was first grown. Its exact origin is 
unknown. Itismore or less intermediate between some grain sorghum 
and a sweet sorghum. The stems are only slightly juicy and sweet, 
and the seeds are not astringent, as are those of most sorgos. The 
seeds are plumper, somewhat more flattened, chalky white, and not 
so long as those of the Amber varieties. The glumes are yellowish 
white and nearly inclose the seed. The plants grow 3)4 to 7 feet tall. 

One strain of Freed sorghum was grown at Columbia. The results 
in the two years during which this strain was grown indicate a 
moderate degree of resistance. A total of 438 plants was grown, of 
which 23, or 5.3 per cent, were infected. S. P. I. No. 29166 was 
grown at Amarillo, Tex., during three seasons. Out of a total of 
710 plants, 187 (26.3 per cent) were infected. This same strain was 
erown at Manhattan three seasons with an average infection of 8 
per cent. At Rosslyn 4 out of 76 plants were infected. C. I. No. 
350 gave negative results at Manhattan, 768 plants having been 
grown 1n two years. 

Dwarf hegari.—Hegari, from which Dwarf hegari was selected, 
was originally obtained from Khartum, Sudan, Africa. In general 
appearance Dwarf hegari resembles Dawn kafir to some extent. It 
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is somewhat intermediate between this kafir and feterita in the com- 
pactness of the head and the size and markings of the seed. It stands 
up wellin storms, lodging very little. The stems are stout, 4 to 5 feet 
tall, fairly juicy, and slightly sweet. The variety promises to be of 
some value as a forage crop because of the juicy stem. It also has 
the advantage of erect heads, which renders harvesting less difficult. 

Two different strains of Dwarf hegari were grown at Columbia, 
with a total of 464 plants, all of which were free from smut. One of 
these strains was grown at Arlington Experiment Farm, 22 normal 
plants being obtained. S. P. I. No. 34911 was grown at Brooklyn 
and Manhattan, with no infection taking place. The evidence indi- 
cates the presence of marked resistance to covered kernel smut. 

Husserita.—Husserita is a hybrid developed by H. Willis Smith, 
formerly of Garden City, Kans. Its ancestry is complicated, but 
feterita and a sorgo seem to be involved. The head is compact, the 
grain white, the glumes red to black, and the stalks somewhat juicy. 
It was grown two years at Manhattan and proved to be somewhat 
susceptible. Out of 247 plants grown, 14, or 5.7 per cent, were 
infected. 

Kafirita.—This sorghum was obtained some years ago by C. V. 
Piper, of the United States Department of Agriculture, from a 
farmer at Cedar Hill, Tex. It first appeared in a field of Red kafir. 
It does not seem to possess any special agronomic value. C. I. No. 
548 was grown two years at Manhattan. No smutted plants were 
obtained out of a total of 177. 

Schrock sorgkum.—Schrock sorghum was developed from a selec- 
tion made in 1912 by Roy Schrock at Enid, Okla., where he found 
the original head in a sorghum field along his mail route. It is prob- 
ably a chance hybrid between a kafir and a sweet sorghum. The 
plants have stout stems 41% to 5 feet tall, medium juicy, and rather 
sweet. | 

At Columbia two strains were grown in 1917 and 1918. In 183 
plants of Missouri No. 38 there were 48 smutted plants, or 26.2 per 
cent. In 175 plants of Missouri No. 65 there were 40, or 22.9 per 
cent, infected. A strain was grown at Manhattan and Amarillo for 
two years, and 16.9 per cent of the plants grown at Manhattan and 
16.1 per cent of those grown at Amarillo were smutted. C. I. No. 
616 was grown two years at Manhattan, 11.2 per cent of the plants 
being infected. A so-called Giant Schrock also was grown at Man- 
hattan and Amarillo in 1919. At the former station 16.2 per cent of 
the plants and at the latter 25 per cent were infected. This probably 
is a selection which was given a distinct name because of its size. 

Sudan corn.—Sudan corn was grown for a time by farmers in cen- 
tral and southeastern Kansas, but the acreage is decreasing. It some- 
what resembles Standard White milo, but is probably a hybrid. One 
strain was grown at Manhattan for two years, no ‘ifeotion occurring 
in a total of 232 heads. Negative results also were obtained at Brook- 
lyn, but only 10 plants matured. 
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TABLE 9.—Results of inoculation experiments with head smut of sorghum on various 
sorghums at the Amarillo Field Station in 1916, 1917, and 1919 


1916 1917 1919 
Group and variety Serial No. 
Plants |Infection} Plants |Infection|' Plants |Infection 
Number | Per cent; Number| Per cent) Number | Per cent 
Shallwez 228 6.7. 55.(9-  heey 07 50h te} ieee se 12 0 176 7, 235 0. 4 
Sorgos and grass sorghums: 
Black Amber 2% -2oF 2 ae Se PS 3238425! - 83 8.9 
Black Dywrarii2 = 2) 2.18 ansps stationes|: 232220 64) 28S ae a ie yea ee sith 
CONG) UW CES ee oP ah en ah i a eal ponte 9 (0 ae 8 ck | RO IR a ISK ED | C9 2 | PS ee eee 2.5 
Dakota Amber-_-_-__---__- in4 (G4 TF 1528_____ RAS et SPOUSE HERS Se CRON Te A EE Ae 
olen Harlye- eo ee AS CSAS Oy ote ee ee 0 
Minnesota Amber_-__--__-_- TOP OH ACS (OMS Fa) am he ae a Ph SO a tll 10. 5 
TORT Aig Roots o yee a Sate Senet | (POUR Me Meer Gee SS ek Be oe Sy ol eee os | eee le ee ee 10. 2 
RGdEAIM Den tee see IM (Gia LoTibR yh 2s 138 : 97.5 
Dore egy her gy em” tile cin As ay fay: hohe ee 333 ; 26.3 
Golan eee os KanSAasiSGaGlom hes eae es eu | ee a ere oh 16.7 
Oranges 227i peak C(O Offa by Uf Hse ASU A EP a eA Na fle Re ep | ne Dae aia 1.3 
TD Yo) ei ete Wk ES ah INYO Re PEE OR Sse DD ia wa Ae ei oe 
Rlanter es ee ee pos ESiial eyed Ue a PRaya 4 ee | (ae en ea [ea eae aed 1M el le 0 
Silvertopea. yy 2ei etsy IMIG 13S ah 2208. ee yo ENE CL See Ee Le ee peas 1.9 
SUIT AGEMENT ate oo SEPP OES SbO SS ae Cie eS. poli Pe een a 2.5 
Honeyale 2 SA ie TYR Ge D2 Tap oye ete |S a | og SB | aad Se Fd gh eS De Sian: 
Dwarf from Java________- Sisck ber SO269 srs sie Sey! | ehcp es edt cere) esl pd = Dg 3.5 
Siidamnyerdssueieey a meter, | rene, Ae Se ee SIC OFS Mae DOO Pe V7 (i Ui AG ZA Se pr US 
Broomcorn: 
INGITIOU ARE pean Coe Ree (ONS ROY Be Lal ane | cal Wee BACT bee epee eed pene a Ie 0 
1D AG 8 ree fed 2 8 Soi be 8 Ee ee C. 1. 243-7-2____- 126 0 
AD ids CO Weep seat Ray Pasay OPE 4AQE I Sy 116 0 
4 Standard esse sees CE Pa46ee se 121 0 
Kaoliang: 
IBarGhets eee ee ee Coles 1Oe vata 21 pall 
IMiukdens 2is6) 2202) od 8 CREM O0 ees oe Fe Mae Laat PRM sy oe Rae egliea lM Cm CLA Sl a a Eo | 
@hoonchunt 2 ss Crs Sgt ea 58 0 
@husane-2 2e es ss oe et Ces 24 sree he 178 .6 
Manchu 28. iia @ Tey Aa tea Po 54 9 
1D Yoel 2 ee a C1328 93 0 
Parker «41.027. Ce eae (fed Le 7 eee OT 3 81 0 
Shantung IDwarl-3-=-2.- Ca Te 2035 tee 87 0 
Kafir: 
Blackhull.t eet ie be Celie sre. 11 .6 
Pa Tie ee ERAGE EI CANE 20 Aeros EPR pS aa) he eR IRR faa ea! 0 
Fy EE ah Se Tas ed Oko STN (eR ore 8 15 8 
Blackhuil (Afniean) 222 COS 2 eee 39 Ho 
UOT te ee Cee ane a 26 m5 
Sunrisehegssect Cee Cray Qik. ar 25 1.8 
NW GG eis ec sek Fc Oh oe Wrole Zh 2 rea 9 0 
AD cye RO: Rate tt 2 pen genet oe CRIS VASE Eee 19 0 
Pinks etre l ae Ce PAs Zeek be 32 Ful 
TOYS Septet SG eet tel IKCANISASISUALLON 2™ [ope ae en | ee aioe a laa, Co 0 
Pale Red (African) ____-__- Folge es Seu 22 sil 
(0 ee Mt ea eee OVA Be Ye ee ae 37 2 
Durra: 
Brownie 20 Gee ie (Coed [eh (CE Palit ae MRM TN Doe a eel (ea 9 Aeron 3.3 
SB NO see Ao hele es cu Oy LE ey lal TED nc: ESE | tet ae sat 
1 D0; tat 2 ay le ges Dee a me alco dlrs Vie ee Uf LISS 
WNL ee a pa era eee ee CE TA6I Bea res 14 0 
1B ayia! Se. i 2 SE i ie 8 ChIGAS 7h BhF io MPRA HALA ak ad at 
iD fore Sane ee lee oe Deb: 4 5eo os. Mel usp 2 ye Sa oS hee Eee re eh eet 
TD Ya fat: 2S ae od oa Be PERL TAG 28h alte 2 aes | epee ee Sys 
WOT Fee ORIN © Tilt yc SEP L Ups.) © ae ee ee 18. 4 
1D Ye pee la SE a ae Seb TeS8092 is il ae se Sake eee LY io 
Feterita: 
MGtCniLa = seat eS as 2 Oe 1822. 2 4 0 
JOLT Dae SMEs het ON ie ape ose catia F787] Pal Teli Ce bg cd ea a PR PE Ne 0 
Standard White_________- Wel gol! ee es 15 0 
Dwarf Yellow_____._.__-- CAR URED ESE ESOS 11 Ons 
Standard Yellow_-___--__- O50 FD Ye 13 0 
Miscellaneous: 
Hreed. Deh rae pe ae ef ERS Oe SA Pls 2016622 er Amit) |e ao oe 9 a | i 
PEAR eS NN ER a NP ALS RI Oe | aa P| eee me ar ge Ca 6.0 
Giant ‘Bebitock SEE iis SRT oN 2 IME EL SEPT BE LD ui09 2 De 0 RD ey Ree AR ees eae tae ae 12.8 
SGRTOUM Vi eta eto alte st owed ice ea de Sah ee Saas olden tena ape tial mast aes 4.1 
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INOCULATION EXPERIMENTS WITH HEAD SMUT 


In view of the fact that head smut ‘of sorghum, Sorosporium reilia- 
num (Kiihn) McAlpine, occurs regularly each year at the Amarillo 
Field Station, it was possible to observe the occurrence of this smut 


in the sorghum varieties planted in connection with the experiments 


with Sphacelotheca sorghr. Potter (90), as a result of his studies,. 
came to the conclusion that spores present in the soil, surviving from 
year to year, were largely Heap for this disease and that seed- 
borne spores were a very minor factor in the prevalence of head smut. 
His evidence indicates that the soil of the Amarillo Field Station is 
thoroughly infested with the spores of this smut. 

Table 9 presents the infection percentages recorded at Amarillo 
during three years, 1916, 1917, and 1919. Unfortunately, no distinc- 
tion between the head smut and covered kernel smut was made in 
the counts for 1918. Accordingly, the data on head smut for that 
year are not available. 

Table 9 shows that feterita and the milos, which are so markedly 
resistant to covered kernel smut, also were resistant to the head 
smut. None of the varieties of broomcorn showed any infection, 
although all are moderately susceptible to covered kernel smut. 
The writers are not aware of any record of the occurrence of Soro- 
sportum reilianum on broomcorn. Very little head smut was found | 
among the kafirs and kaoliangs, and with two exceptions the durras 
proved very resistant, while the sorgos as a group were only slightly 
infected. 

The results show that only eight varieties of sorghum gave indica- 
tions of moderate susceptibility. Black Amber sorgo (S. P. I. No. 
32384) was grown three years, a total of 1,383 plants being obtained, 
of which 117 (8.5 per cent) were infected. Minnesota Amber 
(F. C. I. No. 01950) in one year gave 52 infected plants (10.5 per 
cent) out of a total of 494. Karly Rose sorgo was grown one year, 
and 170 (10.2 per cent) out of 1,668 plants were infected. Red 
Amber sorgo (F. C. I. No. 15384) was grown three years and 1,512 
plants obtamed, 341 (22.6 per cent) being infected. Red Amber 
sorgo (S. P. I. No. 17548) was grown three years, and 401 plants 
(22 per cent) out of a total of 1,820 were infected. Colman sorgo 
was grown one year, 292 (16.7 per cent) plants out of 1,745 being 
infected. Brown durra (S. P. I. No. 17537) was grown three years, 
a total of 893 plants being obtained, of which 173 (19.4 per cent) 
were infected. White durra (S. P. I. No. 17535) was grown two 
years, and 285 plants (20.2 per cent) out of a total of 1,414 were 
infected. Giant Schrock sorghum, grown one season, showed 37 
infected plants out of a total of 288, an infection of 12.8 per cent. 

All of these varieties are moderately susceptible to the kernel 
smut (Sphacelotheca sorghi). Table 10 presents a summary of the 
results obtained in infecting these varieties with the two smuts at 
Amarillo. Brown durra (F. C. I. No. 17537), Minnesota Amber 
sorgo (F. C. I. No. 01950), and Red Amber sorgo (S. P. I. Nos. 1534 
and 17548) appear to be more susceptible to the head smut (Soro- 
sporium reilianum). Schrock sorghum, Colman sorgo, and Karly 
Rose sorgo appear to be more susceptible to Sphacelotheca sorght. 
The other two varieties show no marked differences 
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TABLE 10.—Comparative susceptibility of certain sorghums to infection with head 
smut and covered kernel smut at the Amarillo Field Station 


Head smut (Son@sporium Covered kernel smut 


reilianum) (Sphacelotheca sorghi) 
Variety Serial No. 

Years Infec- | Years Infec- 

grown Heads tion grown Heads tion 
Number | Per cent Number | Per cent 
Black Amber sorgo_____-----_- pSiehil edad IBS tce. be ea 3 , 383 8. + 944 8.5 
_ Minnesota Amber sorgo-_------ HS Oh O1S5O 2s 1 494 10. 5 1 279 4.6 
Hanly,ROSCiSOrfO2. 225 = Mowe 30 =e ees 1 1, 668 10. 1 1 945 Dial 
Red Amber sorgo_.------------ B® SE o342" 2! 3 1, 512 22. 5 4 1, 032 9.0 
DOLE ya er ee de ee SiePale 7548.22 3 1,810 Dope 4 1, 444 7.4 
COlMaAnISOLLOS2 ae ot oe Kansas station = ___ 1 1, 745 16.7 2 948 36. 1 
Brown dumass Po hae es 8. PA (bse 3 893 19.3 4 652 eS 
Wihhte Gurnee ee So 1B Us UPB oe 2 1,414 20. 1 4 1,017 18. 2 
Giant Schrogk sorghum ct: 2 Lhe 8 2) ee 1 288 12.8 if 136 25.0 


In view oi the fact that head smut of sorghum seems to depend for 
its occurrence primarily upon the spores in the soil, it was not pos- 
sible to be as certain of results as in the case of the seed-borne covered 
kernel smut, with which one could be very certain of a thorough inocu- 
lation of every seed of each variety and consequently of an equal 
chance for the infection of the seedlings. Owing to the possible un- 
equal distribution of the spores of head smut in the soil, there may 
not have been equal opportunities for the infection of the different 
varieties. However, one is impressed with the fact that head smut 
as a disease of sorghums appears to be very much less virulent than 
the covered kernel smut. These results compare very favorably with 
the records of those who have observed head smut in various parts 
of the world, although Taubenhaus (108) states that head smut in 
Texas is almost as destructive as the covered kernel smut. 


EXPERIMENTS WITH MILO AND FETERITA WITH REFERENCE TO 
THEIR RESISTANCE TO SPHACELOTHECA SORGHI 


The experiments previously described afford ample evidence of 
the marked resistance of feterita and milo to Sphacelotheca sorght 
and Sorosporwm reiianum. <A total of 3,638 plants of feterita has 
been grown at the different stations and only 7 infected plants were 
observed. As already stated, these infected plants may have been 
other varieties accidentally present, or they may have been of hybrid 
origin and because of their smutted condition could not be identified. 

ut of a total of 4,529 plants grown at the different stations, no 
infected plants of Dwarf Yellow milo were observed. No infected 
plants of Standard Yellow milo were observed in 2,074 plants. A 
total of 2,256 plants of Standard White milo was grown, and only 
one infected plant was observed at Columbia, one at Manhattan, and 
one at Amarillo. Only 144 plants of Dwarf White milo were grown, 
of which none was infected. 

Mention has already been made of the results reported by Kulkarni 
(64) with Dwarf Yellow milo. Kulkarni was able to obtain three 
infected heads out of a total of 635, following inoculation with spores 
of Sphacelotheca sorghi. Among the same plants he secured 50 
infected with Sphacelotheca cruenta, thus indicating the fact that the 


. same lot of seed was inoculated with a mixture of spores of the two 


ee 


smuts. It is not possible fully to explain the differences in the results 


: 
' 


~ 


49 BULLETIN 1284, U. S. DEPARTMENT OF AGRICULTURE 


obtained by Kulkarni and those of the writers. The three plants 
infected with Sphacelotheca sorghi may have been plants of some other 
variety; also Dwarf Yellow milo may be somewhat susceptible to 
Sphacelotheca cruenta, although Potter (91) and Reed (97) obtained no 
infection. 

Some preliminary experiments were undertaken to ascertain what 
factors might be involved in the resistance of milo and feterita. It 
was thought that the resistance might be chiefly due to varietal 
differences of a chemical and physiological character. On the other 
hand, it is possible that certain morphological differences in the 
germinating seed may account for the consistent absence of smut in 
these varieties. 

The first experiments were conducted in 1916 at Manhattan, 
Kans., and consisted in the removal of the very thin sheath from the 
plumule and the application of spores or conidia to the sprouts. 
It was a difficult matter to remove the sheath without seriously 
injuring the young plumule. The operation was performed when the 
plumule of the germinating seed was 2 to 3 millimeterslong. After 
the sheaths were removed the plumules were dusted with spores 
and with sporidia grown in a carrot decoction, after which the 
germinating seeds were placed in soil in small flowerpots. The 
plumules in most instances were unable to emerge through the soil. 
Instead, they curled up beneath the surface and were unable to 
break through even the thinnest soil covering. By loosening the 
sou, however, the young plants were able to emerge, but it was 
several weeks before the seedlings recovered from the injury. After 
they were transplanted to the field, they soon became normal in 
appearance and vigor. 

Other experiments were conducted in which the germinating 
seed was subjected to ether fumes from three to five minutes and 
then inoculated. After treatment and inoculation, the germinating 
seeds were planted in flowerpots and transplanted to the field three 
or four weeks later. Unfortunately, very few of these seeds survived 
the ether fumes. In those which did survive no smut developed. 

The results obtained are presented in Table 11. 


TABLE 11.—Effects of mutilation and etherization of germinating kernels of various 
sorghums before inoculation with covered kernel smut at Manhattan, Kans., 
in 1916 


Number of 
plants 
Experiment Treatment and variety 
Sur- In- 
viving | fected 
NOME t Fee. 7 Ske Plumule sheath removed, dusted with spores: 


Red Amber sorgo,{siP AL. INO W648 2 so SA Bee 


— 


Standard Wihite milos' © slbeNonsoe see eee eee eee 
ING D252 SEE OE Plumule sheath removed, inoculated with sporidia and spores: 

Red Amber sorgo, S. PB. Te INO: 7546.5 2 2 eee a) ee 

Feteritay Or-Ts NWotl82 2:45) 4b) ee WSIS ISD Oe EE 

Staridard White milo, ©. TeNois5e 2 4.3.44 oe ee 
INOS0. 5 sce ee Etherized three minutes, dusted with spores: 

Red ‘Amber sorgo,/S.9P. TNo. F75aspert 2. - = oie ea aS 

Heterita, CAL: NO S2. "sss 4 see. eae te ee ae eB 

Standard ‘White miulo;Ci Ti No3523) Nb seo a ee 
INGi4ch ss eae Etherized five minutes, dusted with spores: 

Hed Amber sore; b> bs ls INO: 1 O8Ge soe eg eee ene 

Feterita, ©. ib. No.j182 2 bss. Ue ele ipers toge = 

Standard White milo sO STNG: cba. seen eee eee ee eas 


—s 
BmNmnN COW FW Noo 


rT 
ooo ooo OFWN O&O 
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In experiments 1 to 3 (Table 11) 50 seedlings of each lot were 
originally used, while 25 were used in experiment 4. Red Amber 
sorgo, which is moderately susceptible to the covered kernel smut, 
was used as a check. 

An examination of Table 11 shows that very few plants grew to 
maturity. Further, only 3 infected plants were obtained, 2 of Red 
Amber sorgo and 1 of feterita, both in experiment 2. The head 
_ of feterita was only partially smutted, some normal kernels being 
produced. These were planted in 1917 and typical feterita plants 
were grown to maturity (Pl. X, fig. 1). There seemed, therefore, 
to be no question as to the identity of the plant originally infected. 

In 1919 another series of experiments involving the removal of 
eeu sheath was conducted. The results are shown in 
Table 12. 


TasBLe 12.—Effects of mutilation of germinating kernels of sorghums inoculated 
with covered kernel smut at Manhattan, Kans., in 1919 


wee : Seed- Plants Infec- 
Variety Serial No. lings infected tion 
Number | Number | Per cent 
Biandardew hitemilo--t¢eal = eee ee (Olas Las fiysie cated Sete 204 0 0 
IEG OR eae Serato es ee ee ee nae tage Oa (Oe Fee ICP ae veh 68 4 5.8 
Blackhull Kafir________. SIRE CL SEU ie SE REC ESD Ce 20 ase 2 aE ee 1 1 100. 0 
Rede MDE: SOLE 0 seis ss et ae Oh oN Sig RH The Tt ie Be Se 9 4 44,4 


In these experiments, 20 check plants each of milo and feterita, 
25 of Blackhull kafir, and 22 of Red Amber sorgo were grown. No 
infection resulted in milo or feterita, while six (24 per cent) of the 
plants of Blackhull kafir were infected, and one plant (4.5 per cent) 
of the Red Amber sorgo showed infection. 

In the 1919 experiments the germinating seeds, following inocula- 
tion, were planted in sawdust instead of soil. This may have caused 
some injury to the germinating seeds and the spores on account of 
the slightly acid condition. ‘The removal of the plumule sheaths 
from feterita, however, resulted in 5.8 per cent infection, although 
none of the milo plants became smutted. 

It seems evident that the removal of the plumule sheath in feterita 
increases the chances of infection and that perhaps this structure 
may act as a protecting factor against smut infection. 

The question arises in connection with the sorghum kernel-smut. 
infection whether the rate of germination is a factor in resistant 
varieties. A preliminary study of the germination of some of the 
sorghums at various temperatures was conducted in the laboratory 
to discover whether milo, feterita, and some of the other smut- 
resistant sorghums germinated more rapidly than those varieties 
which are susceptible tosmut. If this were the case, the freedom from 
- smut in these varieties might be explained on the basis of escape. 


GERMINATION STUDIES ON VARIOUS SORGHUMS 


In 1922 a set of germination studies was made, using 100 seeds of 
self-pollinated material of each variety. Twenty seeds of each 
variety were placed in separate Petri dishes, which constituted a 
series for that variety. Upon the completion of one series a second 
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was started. This continued until 100 seeds of each variety were 
germinated at each temperature range. The average growth of each 
variety in millimeters was thus obtained at the designated tempera- 
tures. It is believed these temperatures will closely approach the 
soil temperatures obtaining at the time when sorghums are generally 
planted. In the studies made at 19° to 21° C. no striking differences 
in growth between resistant and susceptible sorghums can be noted. 
Marked fluctuations, however, within the resistant group itself at 
these temperatures will be‘ observed. Feterita, for example, germi- 
nated morerapidly than themilos., Table 13 shows that the susceptible 
sorghums as a group at all periods of growth grew about as rapidly 
as the resistant sorghums. Again it will be seen that feterita at these 
temperatures grew as rapidly as Red Amber and Black Amber sorgos. 


TasuE 13.—Plumule length of various sorghums at 24-hour intervals when germi- 
nated at designated temperatures at Manhattan, Kans., in 1922 


Smut infec- 
Average length of plumules (millimeters) tion 
(per cent) 
Bat: p pans 
Variety and serial number Temperature 19° to 21° C. Tene 14° to 
Aver- 
1921 | “age 1 


24 48 WZ 96 2 96 120 
hours | hours | hours | hours | hours | hours | hours 


Black Amber sorgo, S. P. I. No. 32384_| 0.04} 1.18]. 3.36] 7.29 | 0.40] 0.94] 1.52 7.4] 216.9 
Red Amber sorgo, S. P. I. No. 17548__| 0 et TDeh 2.17 5300 18 79 | 1.18-} 10:5 | 212.4 
Gooseneck sorgo, Agrost. No. 2652_-__| 0 577316 elle Sion ja Pets) ||, .07 SDE} ode l alencreneeate 
Blackhull kafir, C. 1. No. 207________- 0 .41} 1.70} 4.18] 0 a22 78 7.4] 216.2 
Sunrise Kafir, ©... No.4724=-- "== 0 . 69 1.81 3. 93 15 . 59 1.05 8.4 | 222.8 
Dawn Kafir, ©’. T..No. 84022-22- 22522 0 . 46 1.60] 3.01 01 . 29 96 13/647 Sas 
Progressive kafir, Kansas station ____- 0 . 04 5 HE 260E)00 0 01-4 4.48.12 10.1 
Dwarf White milo, Kansasstation__-_| 0 -48 | 1.89 | 4.06 . 06 . 29 82]- 0 0 
Standard White milo, C. I. No. 352___ - 03 file ieeon Zones, oo . 02 . 50 93 0 20 
Dwarf Yellow milo, Kansasstation___| 0 SRS PUD) RE 77 . 02 ats 48 0 0 
Standard Yellow milo, Kansasstation_|. 0 olla |e leo 2h |e 2099 98 . 30 87 0 0 
IDG OP TINO ph pipe wen ee oes te S17, 1.65 | 3.65} 6.34 17 .97 1. 64 0 20 
SPUETeteriLa eet. INO: 02002. =e RO le oOsl 21G50 means 23 hie Hn Vines aS 47) 0 0 
DMarso nC FUANO 548 cnet lee. 22 es 0 29) ||elesSa| oeen nO . 04 19 0 0 
Warsow. hNO: 6152-22 ee . 05 3800} el S20 e403 . 05 27 62 0 80 
Freed sorghum, C.1I. No.350________- S20 | C206 Nkt4. 14a 25s 78 141 1 2044-16661 270 0 
Dwarf hegari, S. P.I. No.34911__ ___- .05 22 edo Lelio 4 ~46-) 1.26 1. 85 0 30 
Sudan corn, Kansas station_________ a0 1.09 | 2.45] 4.45 13 40 le 230 0 0 
Husserita, Kansas station______-___-_- 19 | 1.65 |) 3.37 455. 77 -79 | 1.40] 1.80 YES 5.6 
Shrock sorghum, C.I. No. 616______-_- 0 . 09 94°17 2:21 [10 . 08 Sor Ixoo 11.2 


1 Average for two years except as noted. 

2 Average for six years. 

3 One year’s data only. 

4 This lot proved to be not Sunrise kafir, but probably was Dawn kafir. 
5 Average for three years. 


INFLUENCE OF EXTERNAL CONDITIONS ON KERNEL-SMUT 
INFECTION 


The sorghum smuts, like the smuts of other cereals, are dependent 
upon particular environmental conditions, more especially soil 
temperature and soil moisture. It is well recognized that the amount 
of smut varies greatly in different seasons, and its prevalence may be 
more or less correlated with the environing onnidshone at planting 
time. 

Kulkarni (63) has studied the influence of temperature on the 
germination of sorghum seed and also on the germination of the 
spores of Sphacelotheca sorghi and S. cruenta. He found that the 
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optimum temperature for the germination of the seed was 36° to 
40° C. and that for the spores of the two smuts, 20° to 22° C. The 
highest percentages of infection were obtained between 16° and 30° C. 

Kulkarni concludes that the soil temperature and moisture are 
the determining factors in the occurrence and distribution of the 
sorghum smuts in the Bombay Presidency. The kharif varieties, 
sown in the period of higher rainfall and lower temperature, are 
more severely infected with smut than the rabi sorghums, the latter 
varieties being sown in the drier, warmer season, when conditions 
are more favorable for the rapid growth of the seedlings, whose 
susceptible stage thus is quickly passed over. It also may be noted 
that the kharif jowar consists mainly of varieties of durra, while the 
rabi jowar consists of varieties of shallu. Whether the difference in 
varieties is a factor remains to be determined. 

Kulkarni further states that the amount of sorghum smut is very 
much less in the eastern part of the Bombay Presidency, where there 
is a decrease in the rainfall and an increase in the temperature, as 
compared with the western part. The rarity of these smuts in Sind, 
the Punjab, United Provinces, and Bibar also appears to be dependent 
upon these factors. Kulkarni attributes special importance to soil 
temperature in these Provinces, as the average temperature at 
seeding time is between 32° and 38° C., which is well above the 
optimum temperature for the germination of the spores. 

In a more recent paper Kulkarni (65) records some experimental 
data bearing upon the question. He germinated two sets of seed 
inoculated with spores of Sphacelotheca sorghi, one set at 40° C. and 
the second set at 25° C. After germination the seedlings were 
transplanted to pots and the plants grown to maturity. At the 
higher temperature no infected plants were obtained out of a total 
of 69, while at the lower temperature 35 out of 64 plants were infected. 
Two series of field experiments were also carried out, one in 1918 at 
Pusa, Larkhana, and Poona, and the second in 1920 at Jacobabad 
and Poona. The temperatures prevailing at the three stations in 
1918 during germination were not strikingly different, and fairly 
men percentages of infection were obtained at each. In 1920 no 
infection was obtained at Jacobabad, the temperature during the 
period of germination being 36° to 40° C., while 65 per cent of infection 
pecurres at Poona, where the temperature durmg germination was 
25° ©. 

As has been previously stated, the preliminary germination studies 
of susceptible and resistant varieties of sorghum thus far made by 
the writers (Table 13) do not indicate that any striking correlation 
exists between the rate of germination and its behavior when sub- 
jected to smut infection, but that marked differences in germination 
can not be noted in the same variety when grown at various tem- 
peratures. While it may germinate much more rapidly than other 
varieties at one temperature, this does not hold for other tempera- 
tures. As so little is known about the stage at which infection 
occurs, it is possible that the periods at which the measurements 
were made should have been extended so as to obtain greater 
growth. It seems apparent, however, from the studies thus far 
made that there is little correlation between the rapidity of early 
_ growth and smut resistance or susceptibility. Similar germination 
| studies had been made in 1921, using the same varieties. Only 20 
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seeds of each variety were used and the temperatures ranged from — 
27° to 29° and 30° to 32° C. The rate of growth was naturally 
greater at these temperatures. The same general behavior among 
the varieties was noted in these experiments as was indicated in 
Table 13. : 

If the rate of germination is correlated with varietal resistance, 
one should be able, perhaps, to produce infection in resistant varieties, 
like feterita, by reducing the temperature, which in turn would 
retard the rate of germination. Such conditions undoubtedly occur 
frequently in nature, but these varieties have maintained their re- 
sistance under all conditions in the field. 

The percentages of infection obtained at Columbia in 1918 were 
very much lower than those secured during the two previous years. 
Plants of certain varieties were grown from the same original lot 
of seed during 1916, 1917, and 1918. The results are presented in 
Table 14. It will be noted that the percentages of infection for 
1918 are invariably lower than those obtained during 1916 and 1917. 
In fact, varieties that had been shown by the work of the previous 
years to be highly susceptible gave very low percentages of infection 
in 1918 and in a few cases gave negative results. In a number of 
additional varieties plants were grown from the same seed lot in 
1917 and 1918, and the percentages of infection in 1917 were invari- 
ably higher than in 1918. 


TABLE 14.—Infection of sorghums with covered kernel smut at Columbia, Mo., in 
1916, 1917, and 1918 


1916 1917 1918 


Qo oO, WON OF 
¥ , 


Seed 
Group and variety ee oe ue : 
O. niec- niec- nfec- 
Plants ae Plants ian. Plants aw 
Number | Per cent} Number | Per cent| Number| Per cent 
Shall sess has ht ae Oe a eG Be 46 113 52. 2 63 71.4 84 
Sorgo: 
(OGRE) mic Rea co i Ee Naat Glare 5 aa oL: 47 416 19. 7 | 94 23. 4 107 1.9 
Dakota. Amber. evi. fal Hares 48 309 16. 5 226 21.2 101 0 
iVinnesotas Aim berseuas a eee es 52 193 14.5 103 10. 7 137 2.9 
Kansasi@ranzessivns Sciat ie ee 54 253 18. 6 113 42.5 56 0 
IDwartA sh burn nce me ee 50 259 28. 2 111 37.8 55 0 
Broomecorn: 
StanG@arGessy yes Weep eee e eAtry 23 446 24. 2 109 31.2 87 if 
QS LAE LA oe Ny Re ete eR 24 545 36. 3 115 20. 0 82 6. 
AS) eee rt a eee, EA a ne 26 321 40. 8 120 29. 2 68 11. 
Kaoliang: 
STOW ee ee Ce ee 40 194 10.8 114 14.0 77 a 
ae anche eo Sel Fei re eee 39 203 24. 6 108 27.8 69 4, 
afir: 
IBTACK HU sd ott hab es kD oe Te 33 178 53. 9 112 68. & 95 t 
1B Koy ieee Bia Ay ae Ae Me alee WP ar ak. ede 34 191 44,5 106 68. 9 49 2: 
Re ieee tite Se he ee Wee Neen 36 318 36. 2 100 49. 0 47 10. 
Durra 
ROW tse: 2 ets 92 beatae SUA Gre Bae 30 289 54. 0 110 38. 2 59 13. 
White tt ice Fed mo Sita fae 32 267 fel 88 3.4 101 0 


The low infection percentages obtained in 1918 perhaps may be 
correlated with the high temperature and low precipitation during 
the planting season. Table 15 shows the mean daily temperatures — 
and the total precipitation for the seven days prior to seeding, includ- — 
ing the day of seeding, and for the seven days following the seeding © 
of the sorghum, 
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TaBLE 15.—Mean daily temperature and precipitation for seven days preceding 
and seven days following the seedings of sorghum at Columbia, Mo., in stated 


years! 3 
(T=trace] 
1915 1916 1917 1918 
3 a a 3 
: o g 5) a o q cy 1 
Seven-day period = S a ‘Ss a S a a) 
Bel 3 Bel a Be, 3 Bel 3 
23/2 SIP eS 23) 2 ps | s 
Borel Pecan es qv | & r= (eal ey 
oc Nika ee teal ligt tr oT] as 
‘a idol ese a Pi Pela Q ee tl ( a ere lees 
oF. | In °F. | In. °F. | In. °F. | In. 
June 3 71| 0 June 10 65] 0 June 1 66) 0.35) June 4 76] 0. 10 
June 4 76| .76| June 11 66} .03}| June 2 60) 0 June 5 78) 0 
June 5 77| .21) June 12 67 June 3 63) 0 June 6 76| 0 
Prior to seeding____|{June 6 76} .01) June 13 7 01; June 4 73| .09| June 7 68} 0 
June 7 58} .47| June 14 70) 0 June 5 75, £18| June 8 70} 0 
June 8 60) 0 June 15 70) .15; June 6 66) 0 June 9 74| 0 
June 9 60) 0 June 16 64) 0 June 7 66, T | June 10 79| 0 
Total or average_|________ __| 68. 3! 155 |Reee eeee es GVEA iG sel OBS ea 60) G2 |naee aes 74.4} .10 
June 10 72| 1.26) June 17 66) 0 June 8 69} .28) June 11 82) 0 
June 11 71} .36| June 18 7A\ “= || June. 9 68] .07| June 12 76| 0 
June 12 79| T | June 19 63} T | June 10 68} 0 June 13 74| 0 
After seeding_______ June 13 68} .10) June 20 73) .19| June 11 76| 0 June 14 UG ys 
une 14 61 73) June 21 66] 0 June 12 80} .17) June 15 84 17 
June 15 66) 0 June 22 78; .04| June 13 66| .20) June 16 88] 0 
June 16 72) 1.08) June 23 73| .62| June 14 60} 0 June 17 88] 0 
Total or average. a-na. | 69.9] 3.52|..--._____ FOlaee Shlemeee te 60°60. 722 ee 81.3} .17 


1 The dates of planting were June 9, 1915; June 16, 1916; June 7, 1917; and June 10, 1918. 


In general, the infections obtained in 1915 were among the highest, 
although direct comparison with plants grown from the same seed ; 
lot is not possible. During this season the average temperature 
for the seven days preceding seeding was 68.3° and for the seven 
days following planting 69.9° F. The precipitation for the first 
seven days was 1.55 inches, and for the second period of seven days 
it was 3.52 inches. 

The average daily temperature in 1916 for the seven days preceding 
seeding was 67.4°, and for the seven days following it was 70° F. 
The precipitation was 0.19 inch for the first period of seven days 
and 0.85 inch for the second period of seven days. The temperatures 
for 1917 were practically the same as for 1916, the average for the 
seven days preceding being 67° and for the seven days following 
seeding 69.6° F. The precipitation for the first seven days was 
somewhat lower, 0.62 inch; while for the seven days following it was 
shghtly more, or 0.72 inch. In 1918, however, the average tempera- 

ture forthe seven days preceding seeding was 74.4° F., or about 
7 degrees higher than in the preceding two years, and the tempera- 
ture for the seven days following the seeding was 81.3° F., or more 
than 10 degrees higher. This higher temperature was associated 
with extremely low precipitation, there being only 0.1 inch of rain 
during the seven days preceding and 0.17 inch in the seven days 
following seeding. 

Not only was the precipitation very much less in 1918; it was also 
differently distributed as compared with the other two seasons. In 
1918 the last rain before seeding occurred seven days previously, 

and there was no rain until five days after seeding except a mere 
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trace on the fourth day. In 1917, however, rain fell on three different 
days of the week preceding seeding, and on the day following there 
was a fall of 0.28 inch. In 1916 most of the rain of the 7-day interval 
before seeding fell during the preceding 48 hours. After seeding, on 


the second and third days traces of rain occurred, and on the fourth — 
day 0.19 inch fell. 
1 


TABLE 16.—Climatic data recorded at Columbia, Mo., for the month of May in 


each year from 1915 to 1918, inclusive | 
| 
Temperature Precipitation j 
(2B) (inches) F 
Year 
Defi- Defi- 
Mean ciency Actual ciency 
or excess or excess 
= 
TST Nope MT 0 9 Fg aL ah Sg pe Re ah idee 62. 6 —1.9 6. 32 +1.46 
LO) Gi Bees a Bs Bs de nT Ee Se 64. 9 +.4 5. 21 -+-.35 a 
OI eae mie bee epee ype ah ARR — me VENT“ AE eNO 58. 6 —5.9 4. 89 +. 03 
POURS 2b 2k So eS ens BET ee tnt 3 eee ey A RR ed 68. 8 +4. 3 3.95 —.91 


As further evidence bearing upon the question, the month of May, 
1918, had a higher mean temperature and lower precipitation than 
the corresponding months of the other years. The data for this 
month are presented in Table 16. 


TaBLE 17.—I nfection of sorghums with covered kernel smut at Manhattan, Kans., 


in the four years from 1916 to 1919, inclusive - 


| 
1916 | 1917 1918 1919 
Variety Serial No. = oe sr ; 
ec ec- ec- .| Infee- 
Plants ed Plants tien Plants Lion Plants ion 
Number| Per cent| Number| Per cent| Number| Per cent| Number) Per cent 
Shall erest = aoe see CTS 85r eee 91 17.6 18 16.7 5 2 
Sorgo: ~ 
Black Amber-__--_] S. P. I. 32384__ 117 27.4 200 21.0 113 40. 7 124 13.7 
RedvAu per. 222 S22 i548 382 6.8 148 15.5 125 30. 4 123 Tao 
Doe ff ars! SAP 1534s. 2 227 7.9 136 18. 4 115 27.8 138 14.5 
Broomcorn: 4 
INCITIC He tee ee. C. I. 243-7-2__ 176 12.5 150 2.0 64 1235 92 14.1 
Mwarkss rrr Oh T. 442257 9 bs 145 7.6 153 D2 54 18.5 74 8.1 
Standard== == @, 1744652 =54 144 Iisa! 140 10. 0 137 12.4 78 9.0 
Kaoliang: R 
IBTOWh eee sae C@riled24e-- es 127 3.9 190 7.9 53 LS: 2 115 2:6 3 
1D x0 }h2 ih th Ma (Opel ba Bis ee 124 3h 127 0 50 0 104 19o 
ID (oe ame g eae C.TAgse Ge 154 Bo" 188 2.0 48 6.3 67 6.0 
Manchu. 22222 3 OF Say) eee ee 110 TAS 125 12.8 99 13.1 103 30.1 
is DYE RGM AREER C. 1. 328-1___- 136 6. 6 55 18.2 103 28. 2 103 37.98 
afir: ; 
Blackhull_______ Ose] Bisey fi bem Soca 136 7.4 213 2.8 51 43. 1 80 25.0 
ORfS= ohh -| "Gy 207 sae 95 12. 6 97 9.3 59 23: 7 151 30.5 
cee (CAgrinw) C1 3212 ee 104 14. 4 163 14.7 131 22. 9 67 64. 2 
can). 
Dawns) 328. Oe @al340--e 157 13. 4 12 8.3 48 Oz. t 111 18.0 
Stmrises t25 25 Col. 472. ~~ see 137 6. 6 50 6.0 107 39. 3 125 36. OM 
W hitiess25. 224 Cirle 252n' Fare 74 1252 85 15. 3 65 33. 8 64 42.2 33 
White A frican___| C. 1.314_______ 113 14. 2 103 Asters 140 18. 6 112 28, 6 & 
Pale Red _....:.- OSG» 2st 95 14.7 173 28. 9 26 42. 3 141 38.3 
Binks et nee OFFS Ry cere 105 12. 4 8 37. 5 101 44. 6 113 59. 3 
Redon 2.2 St ee Cy s4ceree ee 107 16.8 175 9.1 135 23. 0 121 39.7 
Durra: 2 | 
IBTOW Ie 48 he Cr De 8o* some 32 18. 8 127 (il 148 8.8 68 | 25.079} 
: Oe ee ea OG, Wissg2os & 38 | 36.8 86 12.8 100! 48.0 69 33. 30m 
iD ye Seeley Sa Palo hoe7 2 147 13. 6 165 4.8 43 30, 2 73 8.24 
Wiilitbe cee en Ol aloe ee 74 14.9 165 10. 3 48 25. 0 34 52.9081 
Dowstst 8 S. P.1.17535-- 153 27.5 76 3.9 84 3373 96 14.6 9) 
DO. see ce S. Pied. 28995_- 63, 9. 5 60 0 116 ey 101 2. 0 
Dove: SSP ALPS8502. 4 54 13. 0 18 16.7 56 16. 1 68 4.43 
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In contrast with the results obtained at Columbia the percentages 
of infection noted at Manhattan and Amarillo during the four years 
from 1916 to 1919 showed no such seasonal variation. The varieties 
responded somewhat differently in the different years, but no one 
season stands out markedly as one of exceptionally low or high smut 
infection. An examination of the mean temperature preceding and 
following the seeding dates, as well as the precipitation for the cor- 
responding period, likewise reveals no such marked differences in the 
seasons. The data recorded at Manhattan are presented for com- 
parison in Tables 17 and 18. . 


TABLE 18.—Mean daily temperature and precipitation for seven days preceding 
and seven days following the seedings of sorghum at Manhattan, Kans., in stated 


years } 
[T=trace] 
1916 1917 1918 1919 
: é ‘ : 
Seven-day period So © es 2 as iS S BCS 
Day |35| 8 | Day |853|/ 8 | Day |35|/ S| Day |35| $8 
q* | B a7 | & g* | 2 qa” | & 
a S 3 S) ss) S) Ss ° 
= S 2 KS 2 x a S 
= ee aw ev | a | A Fae 72 
°F. | In °F. | In. °F.| In SF In: 
May 11 | 60.0] 0 May 18 | 74. 5/ 0 May 11 | 55.5] 0 May 16 | 60.0) 0. 22 
May 12 | 53. 5) 1.75] May 19 | 76. 5) 0 May 12} 61.0 02} May 17 | 55.0) 0 
May 13 | 60.5 10] May 20 | 68.5 95| May 13 | 58.5) 0 May 18 | 60.0| 0 
Prior to seeding____|; May 14 | 64. 5) 1.67] May 21 | 58.0} .38| May 14 | 69.5) 0 May 19 | 61.5} .48 
May 15 | 52.0} 0 May 22 | 57.5] 0 May 15 | 70.5] 0 May 20 | 56.0) 0 
May 16 | 55. 5] 0 May 23 | 49.5) 0 May 16 | 75.0} 0 May 21 | 56.5| 0 
May 17 | 56.0} 0 May 24 | 56.0] 0 May 17 | 76.0) 0 May 22 | 60.0) 0 
Total or average|__________ 5724 B52 pe ted 2) 6239) 1633| 2s. ered 3 66:6}. O2/Acet tere | 58.4! .70 
May 18 | 59.0} 0 May 25 | 59.0) 0.35) May 18 | 74.0] 0 May 23 | 64.0] 0 
| May 19 | 61.5) T | May 26 | 61.5) 0 May 19 | 80.0} 0 May 24 | 70.0} 0 
May 20 | 63.0} .70}) May 27 | 56.0} .25}| May 20 | 70.0] 0 May 25 | 68.0} T 
_ After seeding._____- May 21 | 65.5} .69| May 28 | 59.5] 0 May 21 | 80.0] 1.11] May 26 | 71.0) .71 
May 22 | 66.0} T | May 29 | 64.5 24| May 22 | 76.5} 2.15} May 27 | 68.0 72 
May 23 | 70.0} .37| May 30 | 64.0} 1.29] May 23 | 60.5 10| May 28 | 71.0 05 
May 24 | 79.5] 0 May 31 | 63.0] 0 May 24 | 76.5] 0 May 29 | 74.0) 0 


Total or average | ean ae fe 
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. 1 The dates of planting were as follows: May 17 and 18, 1916; May 24 and 25, 1917; May 16 and 17, 1918; 
| and May 22, 1919. 


GENERAL CONCLUSIONS 


__ Ten species of smuts have been recorded on sorghum (Holcus sor- 
ghum 1.) and the related Johnson grass (Holcus halepensis L.). 
Seven of these species appear to be very local in their distribution: 
Tolyposporium Siem Busse in Tanganyika Territory, Egypt, Meso- ~ 
potamia, and India; 7. volkensiza P. Henn. in Tanganyika Territory; 
Ustilago bulgarica Bubak in Bulgaria; Ustilago sorghicola Speg., near 
La Plata, Argentina; Sorosporium ehrenbergir Kihn, in Cairo, Egypt; 
and Endothlaspis sorgha Sorok., in central Asia. Ustilago sorghicola 
and L£ndothlaspis sorght are probably identical with Sphacelotheca 
sorght (Link) Clinton. The description of Sorosporium ‘*ehrenbergit 
agrees fairly well with Sorosporium reilianum (Kihn) McAlpine, 
but the specimen issued in De Thiimen Mycotheca Universalis 
No. 725 is certainly Sphacelotheca. sorghi (Link) Clinton. Soro- 
sporvum simii Evans has been described on Holcus halepensis from 


\ 
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Natal, South Africa. It, however, probably is identical with Soro- 
sporrum revlianum (Kiihn) McAlpine. 

The remaining three species are widely distributed in the sorghum- 
growing areas of the world. Sphacelotheca sorgha (Link) Clinton is 
coextensive with the cultivation of sorghum. It is the most destruc- 
tive disease of this crop, annually causing heavy losses in China, India, 
Africa, and the United States. Sphacelotheca cruenta (Kiihn) Potter 
appears to be less widely distributed, perhaps in part because it has 
been confused with the preceding species. Sorosporium reilianum 
(Kihn) McAlpine is especially interesting because it occurs on both 
sorghum and maize. It causes some loss to sorghum in certain parts 
of India and in the Great Plains area of the United States. It is 
destructive to maize in Australia, South Africa, and in certain parts 
of India. It has been reported as an important disease of this crop 
in Washington, and it occurs in California. res 

The present investigations were undertaken primarily to determine 
the varietal resistance of sorghums to covered kernel smut (Sphacelo- 
theca sorght (Link) Clinton). The experiments were conducted at 
the following stations: Columbia, Mo. (four years, 1915 to 1918); 
Manhattan, Kans. (six years, 1916 to 1921); Amarillo, Tex. (four 
years, 1916 to 1919); Arlington Experiment Farm, Rosslyn, Va. (one 
year, 1920); and Brooklyn, N. Y. (one year, 1921). Observations 
also were made on the behavior toward Sorosporium redianum (Kiihn) 
McAlpine of the sorghum varieties grown at Amarillo. 

In the course of the experiments with covered kernel smut, varieties 
of all the different groups of sorghums, including practically all of 
agronomic importance, have been grown. Many of the varieties 
have been represented by several different strains obtained from 
various sources. A few sorghums, mostly hybrids not definitely 
referable to any of the recognized groups, also have been grown. The 
results may be summarized as follows: . 

(1) All the strains of shallu proved to be very susceptible. 

(2) As a group, the sorgos were found to be susceptible and generally had 
high percentages of infection. 

(3) Sudan grass appears to be only moderately susceptible. 

(4) The three varieties of broomcorn have proved to be moderately susceptible 
to covered kernel smut. The highest percentages of infection obtained were as 
follows: Acme, 37.2 per cent, at Brooklyn; Dwarf, 20.4 per cent, at Amarillo; 
and Standard, 40.8 per cent, at Columbia. A strain of Standard, Missouri No. 
198, showed 45.5 per cent infection, but only 11 plants matured, so that the 
numbers are not large enough to be very significant. 

(5) Shantung, a dwarf brown kaoliang, has proved very resistant, as only 
two plants out of a total of 1,845 were infected, and there is some question as 
to the identity of these. Most of the Brown kaoliangs showed low percentages 
of infection except at Brooklyn. Barchet, Blackhull, Manchu, and Mukden 
White are susceptible varieties. 

(6) The kafirs have all proved to be very susceptible. 

(7) The two varieties of durra, Brown and White, which have been grown in 
the United States for several years, have proved to be very susceptible. Some 
recent introductions of White durra have shown a high degree of resistance. 

(8) The four varieties of milo have shown very marked resistance. A total 


of 4,529 plants of Dwarf Yellow milo, 2,074 of Standard Yellow milo, and 144 


of Dwarf White milo were grown, and no infected plants were observed. Three 
infected plants of Standard White milo out of a total of 2,256 were observed. 
It is possible that at least two of these infected plants belong to some other 
variety of sorghum. There can be no doubt, however, as to the identity, of the 
infected Standard White milo plant observed at Amarillo. 

(9) Feterita has proved to be very resistant. A total of 3,638 plants has been ~ 
grown at the different stations and only 7 have been infected. Some of these 
may not have been pure feterita. 
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(10) Among the miscellaneous sorghums some have proved to be very sus- 
ceptible, such as the hybrid broomcorns and Schrock sorghum. Freed sorghum 
and husserita have shown a somewhat lower percentage of infection. Others 
have shown a high degree of resistance, such as darso, Dwarf hegari,and Sudan corn, 

The observations at Amarillo indicate that the sorghums are less 
susceptible to Sorosporium reilianum than to Sphacelotheca sorghi. 
Feterita, milo, and broomcornhaveshownnoinfection. The kafirsand 
kaoliangs were only slightly infected. The following varieties of sor- 
ghum showed marked susceptibility : Brown durra (S. P. I. No. 17537); 
White durra (S. P. I. No. 17535), Black Amber sorgo (S. P. I. No. 32384), 
Minnesota Ambersorgo (F. C.I. No.01950),Red Ambersorgo (S.P.I. Nos. 
1534 and 17548), Colmansorgo, Early Rosesorgo, andSchrocksorghum. 

By removing the plumule sheath from germinating seeds and 
inoculating them with spores of Sphacelotheca sorghi it was possible 
to secure heads of feterita infected with kernel smut. This method 
was not successful with milo. 

There appears to be no correlation between the rate of germination 
of sorghums and their susceptibility to infection with covered kernel 
smut (Sphacelotheca sorghi (Link) Clinton). 

Environmental conditions play an important part in the percent- 
age of infection with covered kernel smut. The results in 1918 at 
Columbia, Mo., were markedly lower than those obtained in previous 
years. These low percentages of infection perhaps may be correlated 
with the high temperature and low precipitation preceding and fol- 
lowing the planting of the grain. No such marked differences in the 
percentage of smut infection were observed at the Manhattan station, 
where the environmental conditions were not strikingly different 
during the various planting seasons. 
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